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INTRODUCTION 
Alfalfa (Medicaqo sativa L.) is the most important forage 
crop in the U.S.A. It has the highest feeding value of all 
commonly grown hay crops (Hanson and Barnes, 1973). 
In Iowa, alfalfa is a very important forage crop for 
livestock feed and for soil improvement and conservation. 
It is grown on about 7% of the cropland harvested 
annually. 
The many new cultivars of alfalfa released in recent years 
are traced to varied germplasm sources. These new cultivars 
represent a range of growth types, winterhardiness, and pest 
resistance needed in different areas of use. 
The Flemish strains from northern Europe have provided a 
growth type that more efficiently utilizes the full growing 
season (Lowe et al., 1972). Flemish cultivars are character­
ized by fast regrowth after cutting, early maturity, vigorous 
and stemmy growth, some resistance to foliar diseases, sus­
ceptibility to crown and root diseases, and moderate winter-
hardiness. Breeders are attempting to improve the winter-
hardiness and pest resistance of these cultivars; however, 
combining maximum winterhardiness with rapid regrowth is 
complicated by negative association between the two traits 
(Barnes et al., 1979). Another consideration in this regard 
is that the level of winterhardiness needed in the North 
Central region decreases as one goes from north to south. 
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An important consideration in evaluation of cultivars is 
the choice of harvest Schedule. Proper management of alfalfa 
attempts to maximize yield of high quality hay and, at the 
same time, maintain satisfactory stands. Harvest-interval 
studies indicate that 35-42 days between cuttings gives the 
highest yields and persistence. Best quality control can be 
obtained by harvesting on the basis of growth stage'. Smith 
et al. (1958) recommended cutting at the early flower stage 
as the best compromise for acceptable herbage and nutrient 
yields and persistence. The last cutting of the season should 
be timed so that alfalfa plants will have sufficient stored 
carbohydrates for overwintering. 
Iowa State University, during 1975-1978, has used the 
following harvest schedule for cultivar trials: the first 
harvest in late May or early June, the second in late June or 
early July, the third in early August, and the fourth near 
September 10. The average interval between harvests was 34, 
34, and 38 days between first and second, second and third, 
and third and fourth harvests, respectively. 
The question arose as to whether or not this schedule 
favored the faster regrowth Flemish-type cultivars that are 
more advanced in growth stage at each harvest than the slower 
regrowth types such as Vernal. Therefore, an experiment 
was developed to study the relative performance of six alfalfa 
cultivars of varying regrowth rate, under three harvest 
schedules. One of the schedules was the same as that used in 
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cultiver trials. Another schedule also involved four harvests 
per season; however, the interval between harvests was in­
creased as the season progressed, with the last harvest in 
late October. That harvest schedule should provide better re­
serve carbohydrate status going into winter but will not pro­
vide any growth, except stubble, for catching snow for cover 
during the winter. The third schedule involved three cuttings 
at six-week intervals with the last cut in very early 
September. 
The specific objectives of my study were: 
1. To determine whether there is an interaction between 
cultivars and harvest schedules. 
2. To determine whether the harvest schedule being used 
on Io"wa State University cultivar tests is predictive 
of relative performance under other schedules that 
are likely to be used. 
3. To determine if a harvest schedule with shorter in­
tervals between harvests tends to favor the fast re-
growth types that reach the flowering stage slightly 
earlier than the slower regrowth types. 
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LITERATURE REVIEW 
Historical Background 
Alfalfa (Medicaqo sativa L.) is used widely for both hay 
and pasture in the northern and north central states of the 
United States. Alfalfa is the principal source of home-grown 
protein and digestible nutrients for livestock in these areas. 
The continued importance of alfalfa in these areas depends on 
the knowledge of how to obtain high yields of high quality 
forage with suitable cutting schedules while maintaining 
vigorous and productive stands. 
Alfalfa management practices have undergone several 
changes in the past 70 years. During the early 1900's, it 
was believed that frequent cutting stimulated growth and in­
creased hay yields (Graber et al., 1927). However, the results 
of long-term studies reviewed by Graber et al. (1927) indi­
cated that frequent cutting lowered yields in subsequent years. 
Kiesselbach and Anderson (1926) in Nebraska, in a 3-year 
study, compared two, three, and five annual cuttings. Highest 
herbage yield was obtained with a 3-cutting schedule whereas 
five cuttings resulted in thin stands of weak plants. 
In the early 1950's, the traditional cutting schedule 
was two cuttings taken at advanced stages of growth. This 
resulted in alfalfa hay with low feed quality (Smith et al., 
1962). The conventional two-cut schedule had been recommended 
on the basis of research data obtained with cultivars that were 
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susceptible to bacterial wilt or lacked superior winter-
hardiness. The best schedule then was a cutting in late 
June and another in mid to late August. This schedule, as it 
were, helped to maintain strong stands needed to avoid winter 
injury. 
Interest in early cutting for better hay quality in­
creased when Vernal, a winterhardy and wilt resistant cultivar, 
was released (Brink et al., 1954). Vernal allowed a greater 
latitude in cutting management than other nonwilt resistant 
and less winterhardy cultivars. A series of studies with 
hardy, wilt resistant cultivars indicated that they persist 
longer under the pressure of frequent cutting as compared 
with less hardy and wilt susceptible cultivars (Gross et al., 
1958; Parsons and Davis, 1960; Twamley, 1960). 
The two-cut schedule with late cutting at the full bloom 
stage had a few advantages. It gave the plant more time to 
recover from winter injury and the second cutting usually es­
caped damage from leafhoppers which reduced hay yields up to 
two-thirds and quality even more (Smith, 1960). However, 
leafhoppers can now be controlled effectively by spraying. 
Cutting at late maturity, however, provides hay that is some­
times lodged, stemmy, low in protein, and high in fiber con­
tent (Smith, 1962a). 
In recent years, with emphasis on maximum yields of 
high quality hay, increased fertilization, and use of winter­
hardy and wilt resistant cultivars, three or four harvests per 
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annum have been taken in Iowa and some other north central 
states. In more southern areas of the North Central Region» 
the longer growing season allows four cuttings (Chance et al., 
1961; Dexter, 1964; Kust and Smith, 1961), 
Time and Frequency of Cutting 
Proper management of alfalfa attempts to maximize yields 
of high quality forage and, at the same time, to maintain satis­
factory stands. Yield, stand persistence, and quality of 
alfalfa are greatly influenced by the number of harvests taken 
each year, the interval between harvests (Gross et al., 1958; 
Nelson, 1925; Parsons and Davis, 1960; Smith, 1960), and the 
date of last harvest in the fall of the year (Graver, 1946; 
Graber and Sprague, 1938; Grandfield, 1935; Twamley, 1960). 
The effects of time and frequency of harvest on yield and 
persistence are related to carbohydrate storage. 
Alfalfa stores energy in the roots and crowns mostly in 
the form of sucrose and starch reserves (nonstructural car­
bohydrates) i This energy is used to initiate new shoots in 
the spring and after each harvest. Reserves are replenished 
in these organs at later stages of growth. If alfalfa is 
deprived of periods for reserve accumulation, either during 
the growing season or in autumn, weakening or death of the 
plant is likely. 
Graber et al. (1927), Cooper and Watson (1968), and 
Smith (1962) reported that frequent defoliation of alfalfa 
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decreased the percentage of reserve carbohydrates. Graber 
et al. (1927) and Bryant and Blaser (1964) associated losses 
in stand and reduction in yields with low carbohydrate per­
centages. Graber et al. (1927) also associated low carbohy­
drate concentrations in the fall after frequent defoliations 
with poor winter survival. Bula and Smith (1954) reported 
that carbohydrate concentration decreased steadily during the 
winter after frequent defoliation. Several investigators 
(Colville and Torrie, 1962î Feltner and Massengale, 1965j 
Smith, 1952a) have shown that the level of root reserves is 
influenced by the time of harvest. In general, there is a 
decline in the level of carbohydrate reserves for a period 
two to three weeks after harvest (15-20 Cm of regrowth) fol­
lowed by an increase until the alfalfa plant is in the full-
bloom stage of growth. Therefore, cutting at early stages of 
growth does not allow maximum storage of root reserves. Cut­
ting is not recommended during the critical period when carbo­
hydrate reserves are low. Some investigators (Sprague et al., 
1964; Wagner, 1952) have shown, however, that early spring 
cuttings can be taken without serious stand deterioration 
provided one or more subsequent cuts are taken at later growth 
stages. 
Stand losses due to autumn harvest are apt to be more 
serious when reserves are low as a result of a short growth 
period in late summer. In fact, Sprague et al. (1964) con­
cluded that the length of growth period in late summer 
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influenced persistence and subsequent spring yield of alfalfa 
in New Jersey more than length of growth period in spring or 
early summer. 
Another combination of circumstances that may result in 
plants with low reserve levels in late autumn is when cuts 
are taken in late September or early October or when multiple 
autumn cuts are taken (Brown, 1963j Fulkerson, 1970; Jung 
et al., 1969; Smith, 1965). 
Some studies have indicated that the length of growth 
period in the spring and between harvests is a serious factor 
which affects stand survival in spring and summer (Jung et al., 
1959; Reynolds, 1971). Other studies have shown that the 
stage of maturity at harvest and time of autumn harvest also 
affect stand survival (Kust and Smith, 1961; Sprague et al., 
1964). Experimental field trials in several states have 
shown quite conclusively that alfalfa stands deteriorate 
badly in one growing season when the interval between cuts 
is less than four weeks (Brown, 1963; Davis and Parsons, 1961; 
Jones, 1971; Jung et al., 1969; Kehr et al., 1963; Reynolds, 
1971; Wagner, 1952; Washko and Price, 1970). These investiga­
tions indicate, in general, that 35-45 day intervals between 
harvests have provided the best results in seasonal herbage 
yields, nutrient yields per hectare and stand persistence. 
However, the most satisfactory time interval between harvests 
will vary with location and season of the year. 
In northern areas of the North Central Region, cutting is 
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generally not recommended after early September or during the 
period of four to six weeks before the first killing frost. 
This allows plants to prepare for and survive the winter. 
In management trials over 25 years as reported by 
Dexter (1940), cutting anytime in the fall, even on November 
1, has almost invariably lowered yields in the first cutting 
the following year, compared with no fall cutting. Several 
other investigators have reported the same finding (Smith, 
1960). In many instances, the loss in yield the next June 
was greater than the gain in yield from an additional cutting 
in the fall. In a study in Wisconsin, Smith (1968),obtained 
20% higher yields of herbage from three cutting than two 
cuttings. However, when the three cutting schedule was ex­
tended by taking a fourth harvest in October, little was 
gained. Kust and Smith (1961) reported that hay yields of 
Vernal alfalfa were significantly reduced in both first and 
second harvest years if four, five, or six instead of three 
cuttings were taken before September. Cutting after mid-
October (or the first killing frost) is less hazardous than 
before that date. This is because storage of food reserves 
for winter usually is completed by mid-October. However, 
late fall cutting will remove growth that helps to catch and 
hold snow to protect plants during the winter. 
In Michigan, Dexter (1964) compared an alternate three-
cutting system of 10 alfalfa cultivars, designed to permit 
three cuts per season from fields where the first cut was 
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delayed past the bud stage or where regrowth in midsummer 
was too slow to provide a third cut prior to September 1, with 
a schedule of three cuts in the bud stage before September 1. 
In the alternate system, the first cutting was taken at early 
bloom (mid-June), the second cutting was delayed until early 
August, and the third cutting was taken about November 1, 
when a freeze occurred or was likely and regrowth was unlikely. 
Over a period of years, he found no significant difference 
in yields of hay between the two systems; furthermore, the 
alternate system had reduced winter injury, especially on 
sites where there was some danger of injury. However, Smith 
(1960), in a somewhat similar study in which the alternate 
3-cut system consisted of the first cutting taken in 
late June, the second cut in late August, and the third cut 
in early October, found greatly reduced yields in comparison 
with three cuts in early June, mid-July, and late August. 
Perhaps the reverse trend in Smith's study can be attributed 
to first and second cuttings being taken too late, and the 
last cut being taken too early. Also, the winters probably 
were more severe in Wisconsin. 
Tesar (1973) compared three and four cuttings per year 
for Vernal and DuPuits alfalfa in southern Michigan. He con­
cluded that, even with high fertilization, cutting four times 
in Michigan with the last cutting in late August or very early 
in September is not recommended because of lower yields and 
shorter-lived stands than with three cuttings. However, he 
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advocated four cuttings with the last cutting in mid-October 
(Tesar, 1973). 
Alfalfa cut at a prebud stage of development has a high 
concentration of feed nutrients; however, herbage yields at 
immature stages are low. Therefore, a compromise has to be 
sought between yield and quality. 
Graber et al. (1927), and Salmon et al. (1925) compared 
the effects of cutting at "bud stage", "10% bloom", "full 
bloom", and "seed stage". Their findings showed that highest 
herbage yields and best stand persistence over years were 
obtained by cutting at the "full bloom stage". However, the 
highest protein yields were produced when alfalfa was harvested 
at about "10% bloom". Also, feeding value decreased with 
advance in maturity. 
Constituents which are considered important in animal 
nutrition, such as digestible nutrients, nonstructural carbo­
hydrates, protein, carotene, amino acids, and minerals, de­
crease with advance in plant maturity. Van Riper and Smith 
(1959) reported a general decline in percent crude protein of 
alfalfa, medium red clover, ladino clover and bromegrass with 
advance in maturity. Allinson et al. (1969) associated a 
decline in nutritive value of alfalfa, birdsfoot trefoil, 
reed canarygrass, bromegrass, and orchardgrass under decreas­
ing number of cuttings and advancing maturity to an increase 
in structural carbohydrates. However, a decline in total 
digestible nutrients could also result from the loss of lower 
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leaves due to age, lodging, disease and other factors 
(Fuess and Tesar, 1968; Willis et al., 1969), 
Judd and Radcliffe ( 1970) cut alfalfa at 3, 4, 5, and 
6-week intervals and found that the 5-week interval, which 
coincided with early bloom, resulted in the highest percent­
age digestible dry matter. Crude protein decreased from 27%, 
under the 3-week cutting interval, to 19% at the 6-week in­
terval. However, that study was conducted under irrigation 
in Australia and may not be applicable in Iowa. 
Several investigators have studied the effects of cutting 
at definite stages of development versus calendar-date cutting 
with respect to yield, quality and persistence of alfalfa 
(Feltner and Massengale, 1965j Moline and Wedin, 1969; Weir 
et al., 1960; Wilsie and Takahashi, 1937). They agree that, 
while calendar date cutting may be easy to follow, it does not 
take into consideration the physiological stage of development. 
Physiological maturity should not be confused with age. 
Physiological maturity is a consequence of environmental 
effects on growth and gross differentiation of the plant 
rather than age. Van Soest (1973) noted that cool tempera­
tures and high light retard maturity; but, at a given age, 
may actually promote quality. Van Soest (1973) also observed 
that quality of first-growth forage declines rapidly with age; 
however, in autumn, nutritive value may actually increase 
with age. He concluded that perhaps date of cutting informa­
tion is less useful in evaluating second cuttings or aftermath 
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forages grown in July through September. 
Cutting schedules based on stage of plant development 
appear to be favored by many investigators because the plant 
itself indicates the proper time to cut and how many cuttings 
are possible during a season (Smith and Rohweder, 1977). 
Several investigations have indicated that first flower 
closely approximates the 10% bloom stage which is generally 
recommended as the best compromise for acceptable herbage and 
nutrient yields and persistence (Baumgardt and Smith, 1962; 
Kiesselbach and Anderson, 1926; Salmon et al., 1925; Matches 
et al., 1970). Feltner and Massengale (1965) obtained highest 
herbage yields with cutting at 10% bloom in a 3-year 
study. Buller and Sanchez (1960) had a similar result with 
four cuttings per season in a 4-year study in Mexico City. 
Smith et al. (1966), in a study at three stations south 
to north in Wisconsin, reported an advantage from cutting at 
the appearance of the first flowers up to early September over 
cuttings at three calendar dates. Yields per hectare of 
protein and IVDDM from Vernal and DuPuits cultivars were in­
creasingly higher from north to south from the first-flower 
harvest schedule as compared with three cuttings on a calendar 
date basis. 
Smith et al. (1968) and Matches et al. (1970) studied 
the influence of several calendar date and plant maturity 
cutting schedules over a range of environments from south to 
north in the north central area: Columbia, Missouri; Ames, 
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Iowa; Arlington, Wisconsin; and Rosemount, Minnesota. Six 
cutting schedules (two, three, and four cuttings per season), 
with each frequency based on calendar date and on plant 
maturity, were applied to Vernal and DuPuits for two years. 
They found no clear differences in overall dry matter yields, 
protein and IVDDM yields per hectare between calendar date 
and plant maturity cutting schedules. Dry matter yields were 
in the decreasing order of four, three, and two cuttings per 
season at Missouri, Wisconsin, and Minnesota. The reverse 
was found in Iowa and this was attributed to low soil fer­
tility. The 4-cut schedules included a harvest in mid-
October which resulted in increased winter damage to stands 
at the northern locations. The findings of this cooperative 
study do not agree with those of the Wisconsin study re­
ported by Smith et al. (1966). However, the locations were 
further south than the Wisconsin study by Smith et al. (1956). 
Differential Response of Cultivars to 
Varied Cutting Schedules 
Differential tolerance of alfalfa cultivars to frequent 
clipping has been observed. Broad-crowned cultivars such as 
Rhizoma, Vernal and Cayuga withstood shorter intervals between 
harvests at Ames, Iowa (Gross et al., 1958), Connecticut (Brown, 
1963), Nebraska (Kehr et al.,1963), West Virginia (June et al., 
1969), and Pennsylvania (Jones, 197l) better than several narrow-
crowned cultivars. The genetic basis for differential toler­
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ance to frequent cutting remains obscure. Chatterton et al. 
(1974) studied tillering, nonstructural carbohydrates, and 
survival relationships in alfalfa. They found that root and 
crown tissues of those clones surviving frequent cutting 
attained a high percentage total nonstructural carbohydrates 
(TNC) soon after cutting whereas those clones with low and 
intermediate tolerance to frequent cutting did not increase 
in crown TNC percentage until flower development (or tiller 
initiation) had begun. They concluded that survival and 
production of alfalfa may be improved by selecting genotypes 
that produce crown tillers early enough that regrowth begins 
immediately after herbage is removed. 
Differential response of alfalfa cultivars to varied 
cutting schedules has been investigated by some workers. 
Several found no evidence of an interaction, while others 
cited evidence of differential response to cutting treatments. 
Tysdal and Kiesselbach (1939) obtained very interesting 
results from their investigation of differential response of 
four alfalfa cultivars (Grimm, Ladak, Hardistan, and Nebraska 
Common) to time of cutting (early, medium and late). 
Ladak showed very contrasting response. It yielded highest 
under late cutting and lowest under early cutting. In con­
trast, Nebraska Common responded not significantly different 
from Grimm under any cutting treatment. It was concluded 
that for optimum yield Ladak should be allowed to grow 
longer before the first cutting and between subsequent 
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cuttings than the other cultivars. 
Law and Patterson (1955) applied two cutting schedules 
to 10 alfalfa cultivars for two years. One cutting schedule 
consisted of only one harvest taken in early June ; the other 
consisted of two harvests with the first taken early at the 
20-cm height stage and the second taken at the hay stage. 
Residual effects were measured in the third year. The single-
cut management yielded 16.5% more than the two-cut management 
in the first two years and more in the third year. Even 
though the yield reduction was significant, there was no evi­
dence of any interaction between the cutting treatments and 
cultivars. 
Jackobs and Oldemeyer (1955) found no evidence of culti-
var X treatment interaction in their 3-year study of response 
of four alfalfa cultivars (Ladak, Buffalo, Turkistan 19300, 
and Ranger) to various cutting treatments in the Yakima Valley 
in southcentral Washington. The cutting schedules included 
spring-clipping; 25-, 30-, and 40-day intervals between 
cuttings; and fall clipping on October 10. The schedules 
were arranged so that the date of the last cutting of all 
plots, except the fall cutting, was August 30. Significant 
differences among cultivars were obtained only in the second 
year of harvest. The late fall clipping treatment did cause 
a significant reduction in yield in the third year when 
residual effects were measured. No effects upon stand were 
noted. 
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It must be mentioned that the cutting schedule of 25-
and 30-day intervals used in the above study is detrimental 
in the Midwest. Perhaps the lack of detrimental effect in that 
area (Yakima Valley) was due to differences in climatic 
factors and differences in soil. 
Gross et al. (1958) reported a highly significant 
cultivar x cutting treatment interaction during a 2-year 
period at Ames, Iowa. Eight alfalfa cultivars including 
Vernal were studied under pasture and hay cutting treatments. 
Under the pasture system, cultivars were cut whenever growth 
was 20-cm high to simulate grazing. Number of harvests per 
year ranged from four to six depending on cultivar. Under the 
hay treatment, cultivars were harvested three or four times 
per season at the one-tenth bloom stage. Residual effects 
of cutting treatments were measured in the third year. The 
differential responses of cultivars to treatments in their 
study were striking. All cultivars yielded more under hay 
management than under frequent clipping. Vernal and 
Narragansett yielded well under both systems while Buffalo 
yielded well under hay management but poorly under the fre­
quent clipping system. Another cultivar, A-224, yielded well 
under the frequent clipping system but yielded slightly less 
than average under hay management. When all plots were cut 
alike in the third year, the cultivar x previous cutting 
treatment interaction was not significant. Vernal ranked 
highest in plots cut frequently the two previous years and 
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also produced high yields when cut for hay previously. 
Ranger and Buffalo also ranked high in yield in the third 
year under both previous managements. On the whole. Vernal 
showed the best ability to yield well under both cutting 
treatments. 
Smith et al. (196 8) studied the influence of several 
calendar-date and plant-maturity cutting schedules on the 
performance of two alfalfa cultivars (Vernal and DuPuits) 
grown in a range of environments from south to north in the 
North Central Region: Columbia, Missouri; Ames, Iowa; 
Arlington, Wisconsin; and Rosemount, Minnesota. Vernal is a 
slow regrowth, winterhardy type and DuPuits is a fast re-
growth, Flemish type. Six cutting schedules were applied 
to the cultivars for two years: three frequencies of cutting 
based on calendar dates and three on plant maturity. Cutting 
by calendar date vs. plant maturity was referred to as "time" 
whereas frequencies (two, three, or four cuttings per year) over 
"times" were referred to as "managements". Residual dry matter 
(DM) yields were determined in the spring of the third year. 
Significant interactions of cultivars with "managements" 
and "times" reflected the fact that increasing the number of 
cuttings per year was more detrimental to stands and yields 
of DuPuits than Vernal, especially in Iowa, Wisconsin and 
Minnesota. The cutting schedules most detrimental to DuPuits 
were those with autumn cutting on October 10. 
Cultivar x management interaction for DM yield in years 
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in which cutting schedules were imposed was significant only 
in Minnesota. The cultivar x time interaction was signifi­
cant in Minnesota and Iowa. In Iowa, Vernal responded better 
to cutting by maturity than cutting by date whereas the 
reverse was true for DuPuits. Though both Vernal and 
DuPuits responded better under cutting by date than cutting 
by maturity in Minnesota, DuPuits suffered a drastic reduc­
tion in yield under cutting by maturity in the second harvest 
year. 
For percentages and yields of quality constituents in 
the same study. Matches et al. (1970) reported no evidence 
of variety by management interaction for percent In vitro 
digestible dry matter (IVDDM); however, the variety x time of 
Cutting interaction for percentage IVDDM was significant in 
Iowa and Missouri because at those locations the quality of 
DuPuits was influenced more by date of harvest as compared 
with bloom harvest than was the quality of Vernal. DuPuits, 
being a fast regrowth type, was at a more advanced growth 
stage than Vernal when harvested on a date basis. Interac­
tions of cultivars with managements and times were frequently 
significant for percentage crude protein (CP). This indi­
cated that trends for percentage CP with respect to cutting 
schedules were inconsistent for the two varieties. Yield 
trends for both IVDDM and CP were similar to trends observed 
for yield of dry matter. Management significantly influenced 
yield of IVDDM and CP at all locations except Iowa. 
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The above findings seem to be in agreement with those 
reported by several investigators (Jackobs and Oldemeyer, 
1955} Tesar, 1973; Smith et al., 1968) that environment due 
to latitude has a marked influence on the response of differ­
ent alfalfa cutivars subjected to different managements and 
time of cutting treatments. 
Sumberg et al. (1976) studied the effects of three har­
vest managements on yield and quality of nine alfalfa culti-
vars for two years at three locations. The three cutting 
schedules included one four-harvest system and two three-
harvest systems. The nine alfalfa cultivars included all 
growth types adapted to northeastern U.S. Yields of differ­
ent growth types averaged over managements, locations and 
years showed significant differences. However, no cultivar 
by management interaction was observed. 
Quality 
The concept of forage quality should be defined in 
terms of, first, concentrations of the various components 
within a forage and the degree of digestibility, and second, 
in conjunction with consumption and animal performance. The 
first part refers to forage nutritive value while consumption 
relates to acceptability, rate of passage and availability 
of the forage to the animal and is generally known as volun­
tary intake. 
For the purpose of improving forage yield and quality by 
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breeding, forage quality must be defined in terms other than 
kilograms of livestock products per day in feeding or grazing 
trials. No budget presently available for agricultural re­
search would permit large animal evaluation of the hundreds of 
genotypes that must be screened in a breeding program. 
Several methods which exclude actual feeding trials 
have been proposed and used in determining forage quality. 
Numerous chemical methods have been used for predicting 
digestibility and overall quality of forage legumes and 
grasses (Barnes, 1973). Van Soest (1967) proposed a compre­
hensive system of feed analyses applicable to measurement of 
digestibility of forages. A detailed description of these 
analyses was later presented in the handbook of Goering and 
Van Soest (1970). It is from their point of view of forage 
quality that this review will be presented. 
Protein 
Protein is measured by determining the nitrogen percentage 
of dried plant material and multiplying this value by 6.25 to 
estimate crude protein percentage. Crude protein accounts for 
75% to 85% of the true protein in the plant (Lyttleton, 1973). 
The crude protein level in forages is important in 
ruminant nutrition. Much of the nitrogen is built into 
microbial protein in the rumen and then utilized by the 
ruminant through digestion in the lower tract. The critical 
level of feed protein depends on the type of forage and 
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animal, but it is commonly in the range of 4 to 6% (Raymond, 
1969). However, 11% crude protein is desirable in forage 
rations to balance with the carbohydrate energy fraction of 
the feed (Church, 1975). In legumes, crude protein content 
is usually adequate, with typical values ranging from 15 to 
30%. 
Numerous observations have been reported on the decrease 
of protein percentage and increase in the fiber with advancing 
maturity. Mowat et al. (1965) showed the decline in crude 
protein as alfalfa forage matures to be associated with the 
decreasing proportion of leaf as well as with a decrease in 
the protein content of the leaf itself. Alfalfa leaves gen­
erally contain as much as two and one-half to three times 
more protein than the stems. 
Several workers have found a positive relationship be­
tween crude protein percentage and dry matter digestibility 
(Brown et al., 1958; Dent and Aldrich, 1966; Oh et al., 1966; 
Sullivan, 1954). Brown et al. (1968) reported a correlation 
of +0.92 between crude protein and dry matter digestibility 
in various cuts of timothy and orchardgrass. Burzlaff 
(1971) obtained similar results and suggested the possibility 
of using crude protein content to predict digestibility. 
However, Sullivan (1964) and Oh et al. (1966) earlier found 
a low association between crude protein and digestibility in 
a large number of forage samples of grasses and legumes, 
including alfalfa, from diverse sources. Oh et al. (1966) 
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used iji vivo digestible dry matter (DDM) data of 55 hay 
samples (alfalfa, birdsfoot trefoil, bromegrass, orchard-
grass, reed canarygrass, and timothy) to compare crude pro­
tein as a predictor of digestibility. The correlation 
between _in vivo DDM and crude protein for all 56 forages was 
0.37**. Although this value was statistically significant, 
it is quite low and indicates low predictive value. However, 
a correlation value of 0.79** between in vivo DDM and crude 
protein was obtained within the 21 alfalfa samples studied. 
A search of the literature indicates that while the percentage 
of crude protein is positively correlated with DDM the corre­
lation is not high and the error of prediction is rather 
large (Sullivan, 1964). Crude protein percentage is a satis­
factory indicator of protein digestibility for both grasses 
and legumes. Percent crude protein, however, has predicted 
the digestibility of organic matter more accurately in 
grasses than in legumes (Kivimae, 1950). 
Fiber analysis 
Several laboratory methods have been used primarily for 
quality control and nutritive evaluation. The oldest method 
and perhaps the most extensively used is the Weende proximate 
system. However, there has been much dissatisfaction with 
this system, especially with the crude fiber method and the 
calculation of nitrogen-free extract (NFE). The essential 
feature of the proximate system is the partition of carbohy­
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drate fraction into crude fiber and NFE. The partition is 
presumed to represent a separation of less digestible 
cellulosic carbohydrate from the easily digestible starch 
and sugar; however, in some instances, NFE has been found to 
be less digestible than the crude fiber (Van Soest, 1973). 
This is because the crude fiber method does not recover all 
the fiber and therefore large portions of fibrous constitu­
ents are extracted into the NFE. The most important of these 
fractions are lignin and hemicellulose. Lignin not only is 
indigestible but lowers the digestibility of substances with 
which it is associated. Another portion of the indigestible 
part of NFE is associated with an artifact in the calculation 
of fecal NFE which assumes that fecal N is protein whereas 
80-90% fecal N is actually nonprotein substance (Van Soest, 
1973). 
Other methods have been proposed to replace the crude 
fiber method; however, many of these are based on a similar 
principle to subject the sample to chemical treatment and 
weigh the residue. 
In a new approach to determining forage quality. 
Van Soest (1963) used detergent to separate the various 
forage constituents into digestible and indigestible frac­
tions. The basic scheme of the forage analysis is shown in 
Table 1. Forage dry matter was divided into two fractions 
on the basis of nutritional availability (Figure l). One 
fraction corresponds to the digestible soluble fraction 
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Table 1. Basic scheme of forage analysis by Van Soest^ 
Fraction Reagent Treatment Yield 
Neutral 
detergent 
fiber (NDF) 
Na lauryl 
sulfate EDTA 
pH 7.0 
Boil 1 hr Total plant 
cell wall 
(CWC) 
Acid 
detergent 
fiber (ADF) 
Cetyl trimethyl 
ammonium 
bromide in 
IN HgSO^ 
Boil 1 hr Lignocellulose 
and silica 
Lignin KMnO^ 
pH 3.0 
1^ hr at 20 C Lignin as 
loss in wt. 
by oxidation 
Cellulose None Ash residue 
from lignin 
step 
Loss in wt. 
Silica 
(SiOz) 
Cone HBr(48%) Treat ash 
dropwise 
1 hr at 25 C 
Residue is 
SiOg 
Hemi-
cellulose 
None Calculate as 
NDF-ADF 
^Source: Van Soest (1971). 
(cellular contents), while the other corresponds to cell-
wall constituents which includes the digestible and indigesti­
ble fibrous fraction plus silica. The cellular contents are 
soluble in neutral detergent and are composed of sugars, 
starch, soluble proteins, nonprotein N, minerals, lipids, 
organic acids, and pectin. Cellular content is 98% digestible 
and is not affected by lignification (Van Soest and Moore, 
1965). 
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Digestible 
Soluble 
Fraction 
Readily 
available 
"DIGESTIBLE 
Digestible 
Fibrous 
Fraction 
Partially 
available 
Indigestible 
Fibrous and 
INDIGESTIBLE Silica 
Fractions 
Cellular Contents 
a. lipids 
b. sugars 
c. organic acids 
d. starch 
e. nonprotein N 
f. soluble protein 
g. pectin 
h. minerals 
Cell-wall 
Constituents 
a. attached protein 
b. hemicellulose 
c. cellulose 
d. lignin 
e. heat damaged 
protein 
f. keratin 
g. silica 
Figure 1. Forage fractions and their availability 
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The cell wall constituents referred to as neutral deter­
gent fiber (NDF) are insoluble in neutral detergent and are 
only partially available. The fiber content of forages makes 
up this partially digestible fraction which can only be 
utilized by ruminants after microbial fermentation in the 
rumen (Van Soest and Wine, 1967). This fraction consists 
mostly of lignin, cellulose, hemicellulose and some silicaj 
the total of which comprises about 90% of the cell wall. The 
extent of digestion by ruminants of this fraction depends 
upon the lignin and silica contents (Kivimae, 1960; Sullivan, 
1964). Forages may vary quite markedly in the percentages of 
these fiber constituents. This has been the major reason for 
the wide differences in digestibility between species (Van 
Soest, 1971). 
The acid detergent procedure as outlined by Van Soest 
(1963, 1965) removes hemicellulose plus the cell contents 
from plant material without affecting cellulose, lignin, and 
silica. The residue left after the acid detergent extraction 
is termed acid detergent fiber (ADF). The acid detergent 
fiber is a complex of cellulose and lignin plus silica. 
The cellulose fraction is the major skeletal carbohydrate in 
plants and comprises approximately 60% of the cell wall 
constituents (Marten et al., 1975). The percentage of 
cellulose increases rapidly during early growth in most 
forage species. 
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Voluntary intake 
Voluntary intake (VI) of forage by ruminants is an im­
portant parameter of forage quality. The importance of VI 
relative to feeding value has been discussed by Crampton 
et al. (1960). 
Several investigations have reported that VI may account 
for about two-thirds of the variability in animal performance 
whereas digestibility may account for only about one-third 
(Byers and Ormiston, 1962; Crampton et al., 1960; Spahr et 
al., 1961). Considerable evidence indicates that VI of for­
ages by ruminants is mainly determined by the bulkiness of the 
digesta and the rate of disappearance from the reticulo 
rumen (Balch and Campling, 1962; Waldo, 1969; Weston, 1966). 
Advance in maturity of a forage crop causes a reduction 
in milk production. This has been attributed partly to a 
lowered concentration of digestible energy in the forage and 
partly to lowered VI (Byers and Ormiston, 1962; Crampton 
et al., 1960). Troelsen and Campbell (1968) found that each 
delay of a day in harvest time of alfalfa in Canada caused 
an average reduction in daily VI of 0.29 g organic matter 
per kilogram of metabolic size of the sheep used in the 
trials. Similarly, Conrad et al. (1962) found an average 
decline of 0.21 g in daily digestible dry matter intake per 
unit of metabolic size with each day's advance in maturity 
of first-growth legume-grass forage fed to dairy cows. 
The relationship between VI and digestibility does not 
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appear to be perfect. In some forage species, for example, 
orchardgrass, bromegrass, and sudangrass, the relationship 
is very high whereas in others such as alfalfa, bluegrass 
and timothy there is no significant relationship between VI 
and digestibility (Van Soest, 1965). It would appear that 
any relationship between VI and digestibility is highly 
species-oriented (Van Soest, 1965), 
Predicting Digestibility and Dry Matter Intake 
Combining digestibility and intake values into a single 
index has provided a more effective means of evaluating the 
feeding value of forages than any method previously used 
(Van Soest, 1971). 
Several investigators agree that neutral detergent fiber 
(NDF) and acid detergent fiber (ADF) as proposed by Van Soest 
(1971) were "chemical assays of choice" that best estimate 
dry matter intake and _in vivo dry matter digestibility, re­
spectively (Marten et al., 1976; Mertens and Van Soest, 1973; 
Rohweder et al., 1976; Van Soest and Marcus, 1964; Van Soest 
and Mertens, 1977). 
Acid detergent fiber is highly correlated with in vivo 
dry matter digestibility in alfalfa, as well as temperate and 
subtropical grasses. ADF also has been found to be the best 
chemical predictor of in vivo dry matter digestibility of 
corn and sorghum silages (Marten et al., 1975). 
Neutral detergent fiber has been found to have the high­
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est correlation with VI of forages. Voluntary intake is a 
function of rate of digestion which, in turn, influences the 
rate of passage and ultimately the amount of forage the animal 
can consume (Baylor and Rohweder, 1979). 
The American Forage and Grassland Council (AFGC) has 
recognized the urgent need to standardize hay quality deter­
minations for marketing purposes. After a series of studies 
around the country, Rohweder and co-workers under the auspices 
of the AFGC proposed a new system for establishing "feeding 
value and equitable market prices of hay." The system de­
scribed by Baylor and Rohweder (1979) consists of five market 
grades. It defines feeding value of forages according to 
their chemical composition in relation to animal response. 
The system uses crude protein, ADF and NDF values in predict­
ing digestible dry matter intake which in turn expresses 
"digestible energy intake." The procedure, besides being 
relatively easy to use, is repeatable with high precision 
(Baylor and Rohweder, 1979). The system has since been modi­
fied to exclude crude protein from the prediction equations 
(Allison et al., 1980s Rohweder and Baylor, 1980). 
Relative Feed Value 
Relative feed value (RFV) has been defined by Baylor and 
Rohweder (1979) as an estimate of overall forage quality. It 
estimates the intake of digestible energy when "the forage 
is the only source of dietary energy." It is calculated from 
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formulae derived from regression analyses of intake and di­
gestible dry matter data when forages of known composition 
were fed to cattle. 
The predictions are given below. These equations are 
still preliminary and are subject to changes; however, their 
proponents claim that they are appropriate and could be ex­
tended to all classes of livestock. 
Prediction equations (legumes) (Rohweder and Baylor, 
1980; Allison et al., 1980); 
DDM = 34.1080 + 2.6429 ADF % - 0.0499 ADF 
DMI = 146.9547 + 1.0137NDF% - 0.0302NDF%^ 
DDMI = DMl/100 X DDM 
RFV = DDMI X 1.42 86 
where; 
DDM = in vivo dry matter digestibility 
DMI = dry matter intake 
DDMI = digestible dry matter intake 
RFV = relative feed value. 
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MATERIALS AND METHODS 
Field Experiment 
The six alfalfa (Medicaao sativa L.) cultivars used in 
this study were chosen on the basis of their speed of regrowth 
after harvest and winter dormancy. G777 and experimental 
strain 7504 represented the fast recovery type, 520 and 
Saranac represented the intermediate type, while Vernal and 
Valor represented the slow recovery type. 
Vernal is a synthetic cultivar developed by the Univer­
sity of Wisconsin in cooperation with the U.S. Department of 
Agriculture (Graber, 1956). It has a broad genetic base with 
all the component lines resistant to bacterial wilt. Fifty 
percent of the germplasm came from six Cossack plants, 
whereas the other half was composed of five second-generation 
plants selected from a population of vigorous and fertile 
hybrids between cultivated alfalfa (M. varia Martin) and a 
wild yellow-flowered diploid. 
Vernal is resistant to bacterial wilt and excels in cold 
hardiness. It is especially adapted to the northern states 
and Canada where both bacterial wilt and extreme winter 
conditions may cause stand loss. 
Vernal is fine-stemmed, leafy and dark green colored. 
Its persistence is good and its yield is high. 
Valor is a synthetic cultivar of nine clones selected 
from Vernal, 'Scout', 'Dawson' and 'Narragansett• (National 
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Certified Alfalfa Variety Review Board, 1974). Parent clones 
were selected for agronomic traits, winterhardiness and re-
sistence to diseases and insects. 
Valor is adapted to the northern states. It has good 
resistance to bacterial wilt and pea aphids, some resistance 
to anthracnose and tolerance to potato leafhoppers. 
The flower color is mostly bluish to purple with some 
variegation. It is a winter dormant cultivar with upright 
growth habit and moderately fine stems. It belongs to the 
slow recovery type. 
Cultivar 520 is an eight-clone wilt-resistant, winter-
hardy synthetic cultivar adapted to northern and central 
USA (Carnahan et al., 1969). It was developed by Arnold-
Thomas Seed Service in cooperation with Pioneer Hi-Bred Corn 
Co. The parental clones were selected from Vernal (two), 
Narragansett (one), 'Arnim' (one), 'Culver' (two), and a 
recurrent selection population (two). Selection of parents 
was based upon persistence, resistance to bacterial wilt and 
other diseases, high general combining ability, adequate seed 
production, and good forage appearance. 
Cultivar 520 is slightly less dormant, as measured by late 
fall growth, than Vernal, but it averages about 10% more hay 
per acre than Vernal. Flower color ranges from deep purple 
through variegated to a few plants with pure yellow flowers. 
Saranac is a wilt-resistant Flamande-type cultivar de­
veloped by New York State College of Agriculture in coopéra-
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tion with Cornell University (Murphy and Lowe, 1966). Saranac 
was produced by three generations of backcrossing in which 
plants from the Flamande-type varieties, 'DuPuits', 'Alfa*, 
and 'Flamande' (commercial source) were used as the recurrent 
parents and plants from experimental USDA synthetic, A225, 
were used as the wilt-resistant nonrecurrent parents. 
Saranac has the foliage and growth habit characteristics 
of the Flamande-type cultivars. However, Saranac can be dis­
tinguished from Flamande-type cultivars by the presence of 
approximately 15% of the plants with variegated flower color. 
Saranac belongs to the intermediate recovery type and it is 
susceptible to anthracnose. 
Experimental strain 7504 is a hybrid developed by Ameri­
cana Seeds Inc. Its pedigree is 
(T9-57lms x D46-37 x B59) x (T8-573ms-ll x MS-1W-1&2). 
T9-57lms is derived from a cross of Dura Stan (ms), 
Ranger and Cayuga, and T8-573ms from Flandria (ms). 
Culver and Sochevilie cross. D46 is Socheville, B59 is 
PI206452 (M. sativa from Turkey) and MS-IW is Multi 
Strain (Steve Yen, Dairyland Seed Company Inc., Wiscon­
sin, personal communication). 
Strain 7504 has fast regrowth and resistance to bacterial 
wilt. It is less dormant and winterhardy than Vernal and Valor. 
G-777 was developed by Northrup-King and Co. (National 
Certified Alfalfa Variety Review Board, 1973). It was pro­
duced by one generation of backcrossing. The recurrent parents 
were plants selected from the Flemish cultivar 'Cardinal' for 
tolerance to leafhopper yellowing and persistence under field 
conditions, whereas the nonrecurrent parents were two S^ 
clones selected from Cardinal for bacterial wilt resistance. 
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G - 1 1 1  is adapted to areas where Cardinal and other 
Flemish-type alfalfas have performed well. It is similar to 
Cardinal in growth habit and foliage characteristics and 
it is fast to recover after cutting, early to mature, vigor­
ous, stemmy, generally resistant to foliage diseases, mod­
erately resistant to bacterial wilt, and moderately winter-
hardy. Flower color is predominantly purple to dark purple 
with remaining plants lighter purple to blue. Foliage is 
dark green with an erect growth habit, 
Three harvest schedules were applied to the six 
cultivars in 1977 and 1978. One harvest schedule was the same 
as that used in Iowa State University alfalfa cultivar tests 
with the first harvest taken late May, the second harvest 
taken late June or early July, the third harvest taken early 
August and the fourth harvest taken about September 10, The 
second harvest schedule involved four harvests taken as 
follows: June 1, early July, mid-August, and late October. 
The interval between harvests increased during the season as 
follows: five weeks, six weeks, and nine weeks. Under the 
third harvest schedule, three cuttings were taken in six-week 
intervals starting June 10 (+ 2 days). 
The cultivars were planted in an experiment located on 
soil classified as a Webster-Harpster complex at the Iowa 
State University Agronomy and Agricultural Engineering Re­
search Center approximately eight miles west of Ames. The 
area was cropped to soybeans in 1975. Approximately 112.1 
36 
kg/ha each of P2®5 ^2® were applied before the field was 
plowed in the fall of 1975. 
The experimental design was a split-plot with whole 
plots (three harvest schedules) arranged in randomized com­
plete blocks with four replications. The six cultivars were 
assigned at random to subplots within each whole plot. Each 
subplot was 3.7 meters long and it consisted of six rows 
spaced 20.3 cm apart. The rows ran east and west. Cultivars 
•were planted at a rate of approximately 22.7 kg/ha with Planet 
Jr. seeders on May 1, 1976. Each whole plot was bordered by 
four rows 22.9 cm apart on the east and west sides and six 
rows 20.3 cm apart on the north and south sides. Border 
rows were planted with a blend of remnant seed from alfalfa 
cultivar tests. Each replication was 6.1 m by 36.6 m includ­
ing border rows. Replications were spaced 4.9 m apart to 
allow space for maneuvering the harvester. Tall fescue was 
planted between replications to provide ground cover. 
The experiment was topdressed annually with phosphorus 
and potassium after the seeding year. Rate and time of 
application are given in Table 2a. The rates were based on 
soil tests conducted on samples taken from the top 15.2 cm 
of soil in early spring of each year. Soil test results are 
summarized in Table 2b. 
In mid-August of the establishment year (1976), forage 
in all plots was harvested and dry matter yield determined. 
Table 2a. Rate of fertilization with phosphorus and potassium in kg/ha of P^Or 
and KgO 
Harvest 
schedule 1975 1977 1978 1979 
Month P2O5 KgO PgOg K^O PgOg KgO PgO^ K^O 
1 April 84 84 84 84 87 87 
May 217 217 
June 209 209 
Fall 112 112 
2 April 84 84 84 84 87 87 
June 217 217 209 204 
Fall 112 112 
3 April 84 84 84 84 87 87 
June 217 217 198 19 8 
Fall 112 112 
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Table 2b. Results of soil tests conducted on samples taken 
from the top 15.2 cm of soil 
Kg/ha of available 
Date of sampling P K 
March 24, 1977 8.0 40 132 
March 31, 1978 7.8 45 172 
April 10, 1979 8.2 2 to 85 193 
Field determinations 
Measurements and ratings taken on the experiment included 
the followings 
1. Flowering date. The first flowering date was re­
corded on May 16, 1977. The criterion for flowering 
was the occurrence of open flowers on at least five 
different plants in a plot. Flowering dates were 
recorded until May 25. No data on flowering were 
taken in 1978. 
2. Yield. The three harvest schedules were applied 
during 1977 and 1978, In 1979, all plots were har­
vested at the same time to determine carryover 
effects of the three harvest schedules. Dates 
of harvest are given in Table 3. Just prior 
to each harvest, notes were taken on the stage of 
maturity of forage, pest and disease incidence, and 
lodging. Forage was harvested with a flail-type 
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Table 3. Harvest dates for each harvest schedule. 1977-79 
Harvest Harvest dates 
schedule 1977 1978 1979 
1 19 May 30 May 11 June 
24 June 30 June 13 July 
1 August 3 August 24 August 
9 September 11 September 5 October 
2 1 June 5 June 11 June 
6 July 10 July 13 July 
17 August 22 August 24 August 
17 October 24 October 5 October 
3 10 June 12 June 11 June 
22 July 24 July 13 July 
2 September 5 September 24 August 
5 October 
harvester. Height of cutting was about 7.6 cm for 
each harvest except the ones taken in October for 
which cutting height was about 12.7 cm. The center 
four rows of each plot were harvested for yield de­
termination. Green weights of forage were converted 
to dry weights by using the percentage of dry matter 
in a subsample of the forage harvested from each 
plot. 
3. Regrowth height. Measurements were taken 11 to 18 
days following each harvest when measurable regrowth 
was available. At least three measurements were 
taken for each harvest schedule. Measurements were 
not possible after October harvests because of the 
lack of measurable regrowth. Measurements were taken 
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on the four center rows. 
Winter injury. Plots were rated for winter injury 
in the spring of 1978 and 1979. A rating scale of 
1 through 5 was used in 1978 with 1 indicating no 
injury and 5 indicating most injury. A score of 1 
to 9 was used in 1979 with a rating of 1 indicating 
no apparent injury while a rating of 9 indicated 
most injury (about 20% of the plants alive). 
Spring vigor. Height of growth was measured in the 
same manner as for regrowth height on May 10, 1978 as 
a determination of early spring vigor. 
Persistence. Stand persistence was determined on 
June 22, 1979. The length of all gaps greater than 
15.2 cm in the four center rows of each plot was re­
corded and summed. Percent stand for each plot was 
computed as follows; 
(14.6304 m - total length of gaps in m) x 100 
14.6304 m 
365.76 cm x 4/100 
length of plot 
number of rows measured in a plot. 
14.630 m = 
where 
365.76 cm = 
4 = 
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Laboratory Methods 
Preparation of forages for analyses 
Samples were dried in a forced-air drier at 60°C for 
at least 3 days prior to processing. 
After drying, samples were ground through a Wiley 
laboratory mill with a 1-mm screen. The ground sample was 
thoroughly mixed and a 55-ml bottle was filled with a sub-
sample of the material. These bottled samples were trans­
ferred to a small forced-air oven and dried with lids off for 
24 hours at 70°C to remove additional moisture. Then the 
bottles were capped and stored. 
Chemical Analyses 
Total nitrogen 
Percentage nitrogen was determined by using the first 
stage of a micro-Kjeldahl procedure as outlined by Perrin 
(1953), Samples collected from this stage were processed 
using a spectrophotometer for colorimetrical determination of 
percentage nitrogen. Percent crude protein was found by 
multiplying percentage nitrogen by 5.25. 
Neutral detergent-acid detergent fiber 
The basic scheme of forage analysis by Goering and 
Von Soest (1970) was used. Neutral detergent fiber was de­
termined using the neutral detergent method. The acid deter­
gent fiber was determined using the acid detergent procedure. 
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Statistical Analyses 
Analyses of variance were computed for all field and 
laboratory determinations. Facilities at the Statistical 
Laboratory and the Computation Center of Iowa State Univer­
sity were used. For all analyses, managements or harvest 
schedules (HS) and cultivars were considered fixed sources of 
variation. 
The data from each harvest were analyzed according to the 
following model; 
X. • = M + R. + B . + E. • 
1 J 1 J 1 J 
where 
Xij = the observation in the ith rep of a randomized 
complete-block design on the jth cultivar, 
M = overall mean, 
= effect of the ith replication, i = 1,2,...4, 
Bj = effect of the jth cultivar, j = 1,2,...6, 
Ej^j = error term associated with the ij observation. 
The analysis of variance for this model is given in Table 4. 
The error term reps x cultivar was used to test cultivars. 
Analyses of variance of data combined over harvests with­
in harvest schedules and years, and combined over harvest 
schedules within and over years were computed on means over 
harvests for all traits except yield determinations for which 
totals were used. 
The following linear model as outlined by Steel and 
Torrie (1960) was used for analysis of data combined over 
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Table 4. Analysis of variance for the statistical model used 
for each harvest 
Source of variation Degrees of freedom 
Replications (r-1) 3 
Cultivars (a-l) 5 
Error (r-l)(a-l) 15 
harvest schedules (HS) within years: 
%ijk = M + Ri + Aj + CUj + 
where 
= the observation in the ith block of a randomized 
complete-block design on the jth harvest schedule 
(HS) (whole unit) and the kth cultivar (subunit 
or subplot), 
M = overall mean, 
R^ = effect of the ith replication, i = 1,2,...,4, 
Aj = effect of the jth harvest schedule, j = 1,..,3, 
D^j = whole-plot error (error a), 
= effect of the kth cultivar, k = 1,2,...,5, 
(AB) = effect due to interaction of the jth harvest 
schedule with the kth cultivar, 
E. = subplot error (error b). X JK 
A general analysis of variance breakdown for the above model 
showing sources of variation and degrees of freedom is sum­
marized in Table 5. 
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Table 5. Analysis of variance for statistical model used for 
data combined over harvest schedules within years 
Source of variation Degrees of freedom 
Replications (R) (r-l) 3 
Harvest schedules (A) (a-1) 2 
Error a (r-l)(a-1) 6 
Cultivars (B) (b-l) 5 
Harvest schedules x cultivars (AB) (a-l)(b-l) 10 
Error b (r-l)a(b-l) 45 
Error term "a" was used to test HS effects while error 
term "b" made up of reps x cultivars within HS was used to 
test cultivars, and cultivar x HS interaction. 
The data combined over harvests within HS and years were 
analyzed according to the following model: 
%ijk = M + Ri + Aj + D^j + B% + (AB)j% + 
where 
X. .. = the observation in the ith block of a randomized 1JK 
complete-block design on the jth cultivar (whole 
unit) and the kth harvest (subunit or subplot), 
M = overall mean, 
R^ = effect of the ith replication, i = 1,2,...,4, 
Aj = effect of the jth cultivar, u - 1,2,...,6, 
D ij = whole plot error (error a). 
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= effect of the kth harvest, k = 1,2,3, or 1,2,3,4, 
(AB)jj^ = effect due to interaction of the jth cultivar 
with the kth harvest, 
(RB)ij^ = effect due to interaction of the ith replication 
with the kth harvest, 
= subplot error (error b). 
The analysis of variance for this model is given in Table 6. 
Error term "a" was used to test cultivars. The mean square 
for replications x harvests was used to test harvests while 
error term "b" (harvests x replications x cultivars) was used 
to test cultivars x harvests interaction. 
Analysis of variance of data combined over years and har­
vest schedules was performed by using the following model for 
a split plot in time and spacet 
*ljkl = M + Ri + Aj + Dij + + =1 + 
(AC)jl + (BC)ki + (ABCljki + YijKi 
where 
Xijki = the observation in the ith replication of the 
jth harvest schedule on the kth cultivar in the 
1th year, 
M = overall mean, 
= effect of the ith replication, i = 1,2,...4, 
Aj = effect of the jth harvest schedule, j = 1,2,3, 
D^j = whole plot error (error a)» 
Bj^ = effect of the kth cultivar, k = 1,2,...,6, 
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Table 6. Analysis of variance for statistical model used 
for data combined over harvests within harvest 
schedules and years 
Source of variation Degrees of freedom 
Replications (R )  ( r--1) 3 
Cultivars (A) (a--1) 5 
Error a (r--1) (a-•1) 15 
Harvests (B) (b--1) 2^ or 3 
Replication x harvest (r--1) (b-•1) 6^ or 9 
Harvest x cultivar (b-•1)(a-•1) 10^ or 15 
Error b (r--1) (b-l)(a-l) 30^ or 45 
^Applicable only to management 3 with 3 harvests per 
year. 
(AB) .. = effect due to interaction of the jth harvest 
schedule with the kth cultivar, 
= subplot error (error b), 
= effect of the 1th year, 1 = 1,2, 
(AC)ji = effect due to interaction of the jth harvest 
schedule with the 1th year, 
(BC)j^l = effect due to interaction with kth cultivar with 
the 1th year, 
(ABC) , = effect due to interaction of the jth harvest 
J K X  
schedule with the kth cultivar and the 1th year, 
Yijki = residual error (error c). 
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Years, cultivars and harvest schedules were considered 
fixed sources of variation. The analysis of variance for the 
model is presented in Table 7. 
The mean square for harvest schedules was tested against 
error mean square "a" (reps x HS) whereas error mean square 
"b" (reps Xcultivars within harvest schedule) was used to test 
mean squares for cultivars and cultivars x HS. The mean 
squares for years,(Y x HS), (Y x C), and (Y x C x HS) were 
tested against pooled error mean square c consisting of reps 
X years within harvest schedules and cultivars. 
Percentages for digestible dry matter (DDM), dry matter 
intake (DMI), and digestible dry matter intake (DDMI) were 
estimated from the following formulae outlined by Rohweder 
and Baylor (1980) and Allison et al. (1980). 
DDM = 34.1080 + 2.6429ADF% - 0.0499ADF%^ 
DMI = 146.9547 + 1.0137NDF% - 0.0302NDF%^ 
DDMI = DDM X DMl/100 
The values obtained therefrom were used in computations of 
similar types of analyses of variance outlined above. 
Relative feed values were computed using the formula 
outlined by Rohweder and Baylor (1980) and Allison et al. (1980). 
RFV = DMI X 1.4286. 
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Table 7. Analysis of variance for statistical model used 
for data combined over 1977 and 1978 
Source of variation Degrees of freedom 
Replication (R) (r-1) 3 
A Harvest schedules (HS) (a-1) 2 
Error a (r-l)(a-l) 6 
B Cultivars (C) (b-1) 5 
C X HS (a-1)(b-1) 10 
Error b (r-1)a(b-1) 45 
C Years (Y) (c-l) 1 
Y X HS (c-l)(a-1) 2 
Y X C (c-l)(b-l) 5 
Y X HS X C (c-l)(a-l)(b-1) 10 
Error c ab(r-l)(c-l) 54 
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WEATHER CONDITIONS 
Average monthly temperatures, total precipitation and 
departures from normal at the test location are presented in 
Table 8. The early portion of the 1977 growing season was 
very dry. The dry weather began in July 1976 and continued 
through most of July 1977. The total precipitation for the 
12-month July 1976 through June 1977 period was 498.3 mm 
below normal. Above normal precipitation during the remainder 
of 1977 and in 1978 and 1979 provided favorable soil moisture 
conditions for the growth of alfalfa. 
Average temperatures for the months of January and 
February in 1978 and 1979 were much below normal. During the 
same periods, however, snow cover (15.24 and 20.32 cm in 
January and February 1978 and 43,18 and 55.88 cm in January 
and February 1979) was relatively adequate. 
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Table 8. Monthly average temperatures , total precipita-
tion, and departures from normal at the test 
location 
1977 1978 1979 
Month Avg Dptr Avg Dptr Avg Dptr 
Temperature (C) 
January -12.9 -5.6 -12.4 -5.1 -14.6 -7.3 
February -1.7 -0.6 •10.7 -6.2 -11.4 -6.9 
March 6.3 5.4 0.3 -0.6 0.4 -0.5 
April 13. 8 4.1 9.9 0.3 7.2 -2.5 
May 20.2 4.4 16.0 0.3 15.7 -0.1 
June 22.9 2.1 21.4 0.6 21.1 -0.3 
July 25.8 2.7 2 2 . 8  -0.3 222.4 -0.7 
August 20.5 -1.3 21.9 -0.3 22.0 - 0 . 2  
September 18.6 1.3 20.5 3.2 18.3 1.1 
October 10.2 -1.7 10.4 -1.6 11.1 -0.6 
November 2 . 4  -0.5 2.1 -0.8 
December -5.8 -1.6 -6.9 -2.7 
Annual 10.0 1.0 7.9 -1.1 
Precipitation (mm) 
Total Dptr Total Dptr Total Dpt, 
January 1 -21 2 -20 28 6 
February 9 -12 12 -10 8 -14 
March 91 39 13 -40 89 37 
April 49 -31 131 51 110 29 
May 57 -57 75 -39 123 9 
June 32 -115 138 -8 161 14 
July 103 16 173 86 103 16 
August 290 19 8 100 8 126 34 
September 130 46 142 58 65 -18 
October 142 86 19 -36 98 42 
November 14 -14 65 36 
December 25 1 16 -8 
Annual 943 136 886 78 
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RESULTS 
In the presentation of 1977-78 yield and quality results, 
analyses of variance of data combined over harvest schedules 
within and over years are presented followed by a table of 
cultivar and harvest schedule means associated with the 
analyses. Cultivar and harvest schedule means at each harvest 
in 1977 and 1978 are shown in Appendix Tables A1 through A21, 
respectively. 
Error variances were consistently larger in split-plot 
analyses of variance of 1977 data compared with analyses of 
1978 data. The larger variances were undoubtedly associated 
with greater environmental variation in growth of the alfalfa 
cultivars during the first half of the 1977 growing season. 
Extreme variation in growth caused by local differences in 
soil moisture stress was obvious. Precipitation for the 12 
months ending 30 June 1977 was only 38% of normal. The dif­
ferences in error variances between years may have reduced 
the reliability of F-tests in analyses of variance of data 
combined over years. Significance of F-values in combined 
analyses of variance over years usually reflected signifi­
cances of corresponding F-values in 1978 rather than 1977. 
Flowering Date and Regrowth Height 
Cultivar means for flowering date and regrowth height in 
1977 are presented in Table 9. The six cultivars ranked 
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Table 9. Mean flowering date and regrowth height of the six 
alfalfa cultivars in 1977 
Cultivar 
Vernal 
Valor 
520 
Saranac 
7504 
G i l l  
Date of 
first flower 
May 1977 
2 0 . 6  
21.2 
18.8 
18.0 
17.9 
16.4 
Regrowth 
height^ 
(cm) 
21.2 
2 0 . 3  
21.2 
2 2 . 2  
2 4 . 7  
2 4 . 7  
Mean 
LSD, 0.05 
C.V. (%) 
18.8 
1.2 
6.5 
2 2 . 4  
1.2 
11.2 
Average regrowth height after the first three harvests, 
measured 11 to 18 days after cutting. 
similarly for earliness of flowering and rate of regrowth 
after cutting. The fast regrowth type Gill was the earliest 
and the slow regrowth types Vernal and Valor were the 
latest in flowering. Gill flowered 1.5 days earlier than 
the other fast regrowth type 7504. 
Cultivars differed significantly in regrowth height over 
harvest schedules and dates of measurement. Interactions 
of cultivars with dates and harvest schedules were not sig­
nificant. The data indicated that Gill and 7504 had the 
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fastest rate of regrowth while Vernal, Valor, and 520 had the 
slowest. At the 5% probability level, both G777 and 7504 
had significantly taller regrowth than the other cultivars 
and Saranac differed significantly from Valor. Contrary to 
expectation, 520 was similar to Vernal and Valor in rate of 
regrowth. 
Dry Matter Yield and Persistence 
1977-78 
Cultivars differed significantly in yield over harvest 
schedules in 1977, 1978 and over years (Table 10). Valor 
and 7504 were highest. Vernal and 520 were intermediate, and 
Saranac and G777 were lowest in yield each year (Table 11). 
The cultivar by harvest schedule interaction was significant 
(p = 0.0357) in the analysis of variance of total yield 
combined over years. 
Differences in ranking and range of cultivars among 
harvest schedules contributed to the cultivar x harvest 
schedule interaction. Differences in ranking suggested that 
some cultivars responded differently under different harvest 
schedules. For instance, 7504 ranked first under HS-1 and 
HS-2 but fifth under HS-3. There was an indication, however, 
that soil moisture stress during June and July 1977 might 
have contributed to the poor performance of 7504 under HS-3. 
It ranked sixth at the second harvest under HS-3 in 1977 
(Appendix Table Al) because yields from some plots were 
Table 10. Summary of analyses of variance of total dry matter yields of six 
alfalfa cultivars in 1977, 1978 and combined over years 
Source of variation 
Degrees of 
freedom 
Mean squares 
1977 1978 1977-78 
Replications 3 9.545 81 0.20357 5.43890 
Harvest schedule (HS) 2 15.96227 54.08802** 30.37082+ 
Error "a" 6 12.42052 0.82030 6.78779 
Cultivars (C) 5 2.93604** 1.36161* 3.66694** 
C X HS 10 0.99012 0.37808+ 0.91966* 
Error "b" 45 0.69969 0.21612 0.41916 
Years (Y) 1 19.32392** 
Y X HS 2 39.67947** 
Y X C 5 0.63071 
Y X HS X C 10 0.44855 
Error "c" 54 1.37036 
+,*,**Significant at the 0.1, 0.05, and O.Ol levels, respectively. 
Table 11. Annual dry matter yield of six alfalfa cultivars under three harvest schedules, 1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultiver 12 3 Mean 1 2 3 Mean 12 3 Mean 
•Metric tons/hectare 
Vernal 15.86 16.59 15.20 15.88 12.84 15.91 15.50 14.75 14.35- 16.25 15,35 15.31 
Valor 16.16 16.96 15.89 16.00 13.33 16.17 16.11 15.20 14.74 16.56 15.50 15.60 
520 15.34 15.09 14.93 15.15 13.41 15.59 15.73 14.91 14.37 15.34 15.33 15.02 
S aranac 14.93 15.90 14.36 15.06 12.35 15.36 15.78 14.50 13.64 15.63 15.07 14.78 
7504 16.44 17.29 14.31 16.01 13.34 15.96 15.80 15.03 14.89 16.63 15.05 15.52 
G777 15.37 15.59 14.10 15.02 13.03 15.06 14.82 14.30 14.20 15.32 14.46 14.66 
Mean 15.68 16.24 14.63 15.52 13.05 15.68 15.62 14.78 14.37 15.96 15.13 15.15 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules 0.69 0.38 0.38 
Between cultivars within harvest schedules 1.19 0.66 0.65 
Between harvest schedules over cultivars NS 0.64 NS 
Between harvest schedules within cultivars NS 0.88 1.43 
C.V. (%) 5.4 3.1 4.3 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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drastically reduced by soil moisture stress. It was inter­
mediate in yield at other harvests under HS-3 in 1977 when 
variation in soil moisture was not as important a factor in 
yield variation, and it ranked second in yield under that 
harvest schedule in 1978. The yield of Gill was consis­
tently low under all harvest schedules with no indication 
that it was favored by any particular harvest schedule. 
The 1977-78 yields of the slow regrowth types Vernal 
and Valor suggested that they were slightly favored by HS-3 
as compared to HS-1 and HS-2. Vernal ranked fourth under 
HS-1 and third under HS-2 but second under HS-3. Valor ranked 
second under both HS-1 and HS-2 but first under HS-3. The 
intermediate types appeared not to have any noteworthy dif­
ferential responses to harvest schedules. 
Ranking of cultivars was more similar under HS-1 and 
HS-2 as compared to HS-3, suggesting that yield under HS-1 is 
more predictive of relative yield under HS-2 than under HS-3. 
The range in yield among cultivars was higher under HS-1 
and HS-2 than under HS-3, suggesting that HS-3 differentiated 
less among cultivars than the other two schedules. 
In 1977, the cultivar x harvest schedule interaction was 
not significant despite variation in ranking and range of 
cultivars among harvest schedules. Perhaps the reason for 
that was the large error variance (Table 10), In 1978, the 
cultivar x harvest schedule interaction was significant at the 
10% level. There were differences in the ranking of cultivars; 
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for example, 520 changed from first under HS-1 to fourth under 
HS-2 and HS-3. Saranac, which ranked third under HS-3, was 
the lowest yielding cultivar under HS-1. Strain 7504 ranked 
second under all schedules. The range in yield among culti-
vars varied less among harvest schedules in 1978 than in 1977, 
Average yields of harvest schedules differed significant­
ly in 1978 (Table 10) but not in 1977. The differences in 
average harvest schedule yields over years were significant 
at the 6% level. The interaction of years with harvest 
schedules was highly significant (Table 10). Harvest schedule 
2 ranked highest in yield in both years. Harvest schedules 
3 and 1 were lowest yielding in 1977 and 1978, respectively. 
The range of variation among harvest schedule yields was 
greater in 1978. The yield trend over years was similar to 
that in 1978. 
A marked reduction of 2.63 metric tons/hectare in yield 
of HS-1 from 1977 to 1978 was associated with greater winter 
injury and reduced spring vigor for that harvest schedule in 
the spring of 1978 (Tables 12 and 13). The results indicated 
that HS-1 was detrimental to the winterhardiness and spring 
vigor of the six alfalfa cultivars and subsequently to their 
yields. The greater winter damage and reduced vigor that 
occurred under HS-1 was most likely related to the shorter 
intervals between harvests and the time of the last harvest 
in autumn of 1977. About 48% of the yield reduction for HS-1 
occurred at the first harvest of 1978j the reduction in yield 
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Table 12. Summary of analyses of variance for winter injury 
ratings and spring vigor, 1978 
Source of variation 
Degrees 
of 
freedom Winter injury 
Mean squares 
Vigor 
Replications 
Harvest schedules (HS) 
Error "a" 
3 
2 
6 
2.1167 
4.7650+ 
1.2550 
2.1505 
136.6481** 
11.2011 
Cultivar (C) 
C X HS 
Error "b" 
5 
10 
45 
1.1722** 
0.1764 
0.3028 
26.8100** 
2.3477 
1.6607 
+,**Significant at the 0.1 and 0.01 levels, respectively. 
subsequently decreased with each aftermath harvest as the 
season progressed (Appendix Table A2). 
The average yield of HS-2 decreased slightly from 1977 
to 1978. A sizeable decrease at the first harvest was com­
pensated by increases at subsequent harvests. The average 
yields of HS-3 were greater at each harvest in 1978 than in 
1977. 
1979 
In 1979, winter injury ratings were taken in April, 
stand percentages were determined in June and dry matter yields 
were determined in June, July, August and October to study 
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Table 13. Mean winter injury rating and spring vigor 
(height) of six alfalfa cultivars under three 
harvest schedules, spring 1978 
Winter injury rating^ 
April 21 
b Harvest schedule 
Height of spring growth, 
May 10 
Cultivar 1 2 3 Mean 1 2 3 Mean 
-cm 
Vernal 2.3 1.0 1.2 1.5 19.0 22.9 24.8 22.2 
Valor 1.5 1.0 1.0 1.1 20.3 22.9 24.8 22.6 
520 1.8 1.1 1.2 1.4 21.6 25.4 26.0 24.3 
Saranac 2.3 1.9 1.5 2.1 22.7 24.8 28.6 25.4 
7504 2.1 1.5 1.5 1.7 22.7 26.0 27.3 25.4 
G777 2.0 1.5 1.2 1.6 24.1 24.8 27.9 25.6 
Mean 2.1 1.3 1.3 1.6 21.8 24.4 26.6 24.3 
LSD. 0.05 
Between cultivars over 
harvest schedules 
Between cultivars within 
harvest schedules 
Between harvest schedules 
over cultivars 
Between harvest schedules 
within cultivars 
C.V. (%) 
Winter 
in i urv 
0.5 
0 . 8  
NS^ 
NS 
35.1 
Spring 
vigor 
1.1 
1.8 
2.4 
2.9 
5.3 
^Scales 1 through 5; 1 = no injury, 5 = most injury. 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  
October 24, 3 = 3 harvests by September 5. 
^NS = nonsignificant in this and subsequent tables. 
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carryover effects of the three harvest treatments imposed in 
1977 and 1978. All plots were subjected to the same harvest 
schedule. Results obtained are presented in Tables 14 
through 16. 
Analyses of variance (Table 14) indicated that cultivars 
differed significantly for winter injury over harvest schedules 
imposed in 1977-78. The slow regrowth types Vernal and Valor 
showed the least winter damage (Table 15). Vernal, Valor and 
520 had similar winter injury ratings which were significantly 
less than those of the other three cultivars. Strain 7504 
and Saranac winter injury ratings were similar and also were 
significantly less than that of Gill. The cultivar x harvest 
schedule interaction was highly significant (P = O.OOOl). 
Differences among harvest schedules in range among cultivars 
probably was the main factor causing the interaction. The 
range among cultivars in winter injury was much greater under 
HS-1 than under the other two harvest schedules. The faster 
regrowth types Saranac, 7504 and Gill showed much more winter 
injury than the slow regrowth types under HS-1. Differences 
among cultivars under HS-3 were not significant. 
Average injury ratings of harvest schedules imposed in 
1977-78 differed significantly with HS-3 showing the least 
winter injury and HS-1 the most. The rather severe winter 
injury in 1979 to the faster regrowth types subjected to HS-1 
in 1978 probably was related to the below normal temperatures 
(Table 8) during January and February 1979, to less snow cover 
Table 14, Summary of analyses of variance for 1979 dry matter yields, percent 
stand and winter injury rating of six alfalfa cultivars subjected to 
three harvest schedules in 1977-78 
Mean squares 
„ Dry matter yield 1979 Degrees '• '• 
of First Winter injury 
Source of variation freedom harvest Total rating 1979 % stand 1979 
Replications 3 0.6255 0.1965 12.2285 349.2210 
Harvest schedules (HS) 2 3.4284+ 13.6368 42.0901* 1194.4497+ 
Error "a" 6 0.8165 4.4529 7.7103 245.4937 
Cultivars (C) 5 1.4247** 3.3953** 7.8192** 199.9410** 
C X HS 10 0.1739+ 0.7603* 4.3008** 84.2878** 
Error "b" 45 0.0952 0.3681 0.0336 38.4854 
+,*,**Significant at the 0.1, 0.05, and 0.01 levels, respectively. 
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Table 15. Mean 1979 winter injury rating and percent stand 
of six alfalfa cultivars subjected to three har­
vest schedules in 1977-78 
Winter injury rating^, 
April 21 Percent stand. June 22 
Harvest schedule^ Harvest schedule 
Cultivar 1 2 3 Mean 1 2 3 Mean 
Vernal 2.2 1.6 1.2 1.7 88.5 91.6 95 .9 92.0 
Valor 2.3 2.2 1.1 1.8 90.9 82.6 95 .1 89.5 
520 2.4 2.4 1.0 1.9 87.9 85.6 94 .9 85.5 
Saranac 4.1 2.0 1.2 2.5 59.3 81.6 92 .7 81.2 
7504 4.9 2.4 1.1 2.8 78.9 81.2 95 .7 85.0 
G i l l  7.1 3.0 1.4 3.8 76.0 80.9 95 .3 84.1 
Mean 3.8 2.3 1.2 2.4 81.8 83.9 94 .9 85.9 
LSD, 0.05 
Winter 
injury 
% 
stand 
Between 
harvest 
cultivars 
schedule 
over 
0.6 5.1 
Between 
harvest 
cultivars 
schedule 
within 
1.1 8.8 
Between harvest schedules 
over cultivars 2.0 NS 
Between harvest schedules 
within cultivars 1.9 11.4 
C.V. {%) 26.5 7.1 
^Rating scale of 1 (least) to 9 (most) injury. 
harvest schedules imposed in 1977-78: 1=4 harvests 
by September 11, 2=4 harvests by October 24, 3 = 3 har­
vests by September 5. 
Table 16. 1979 first-harvest and total dry matter yields of six alfalfa cultivars 
subjected to three harvest schedules in 1977-78 
Drv matter vield 
11 June 1979 Total 1979 
Harvest schedule^ Harvest schedule 
Cultivar 1 2 3 Mean 1 2 3 Mean 
HO ns/n ©c u a. rG 
Vernal 5.93 6.18 6.58 6.23 15.10 15.95 15.59 15.91 
Valor 6 .15 5.05 6.47 6.23 16.23 15.72 16.61 15.18 
520 5.88 5.19 6.33 6.13 15.21 16.03 16.35 15.86 
Saranac 5.25 5.88 6.28 5.81 14.20 15.22 16.16 15.19 
7504 5.42 5.75 6.16 5.78 15.02 16.18 16.42 15.87 
G777 4.65 5.40 6.00 5.35 13.48 14.81 16.06 14.78 
Mean 5.55 5.91 6.31 5.92 14.87 15.65 16.38 15.53 
LSD. 0.05 First cut Total 
Between cultivars over harvest schedules 0.25 0.50 
Between cultivars within harvest schedules 0.44 0.85 
Between harvest schedules over cultivars NS NS 
Between harvest schedules within cultivars NS 1.68 
C.V. (%) 5.2 3.9 
harvest schedules imposed in 1977-78: 1=4 harvests by September 11, 
2=4 harvests by October 24, 3=3 harvests by September 5. 
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than under HS-3, and to lower carbohydrate reserves than 
under HS-2. Plots subjected to HS-3 in 1978 had the most 
growth going into the winter. That growth caught more snow 
which provided adequate cover during January and February. 
Significant differences in percent stand were found among 
cultivars over harvest schedules imposed in 1977-78 (Table 
14). Vernal had the best stands (Table 15) and Saranac had 
the poorest stands. Anthracnose was a contributing factor 
to loss of stand in plots of Saranac and to a lesser extent 
in plots of 7504 and 0-111. Vernal and Valor had similar 
stands averaged over harvest schedules and 520, 7504, G i l l  
and Saranac were also similar in stand. Vernal had sig­
nificantly better stands than 520, 7504, G777 and Saranac. 
The cultivar x harvest schedule interaction was highly sig­
nificant (Table 14). The ranking and range of cultivars 
varied among harvest schedules. Variation in range was 
probably more important than variation in ranking in causing 
the interaction. The range among cultivars in percent stand 
was much greater under HS-1 than under the other two harvest 
schedules. The slower regrowth types Vernal, Valor and 520 
showed the least loss in stand compared to the faster regrowth 
types under HS-1. Differences among cultivars under HS-3 
were not significant. 
Differences among harvest schedule means were signifi­
cant at the 10% level. Excellent stands were maintained for 
all cultivars under HS-3 resulting in a mean of 95% stand 
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over cultivars. Although differences among harvest schedule 
means were not significant at the 5% level, HS-3 obviously 
was not hazardous to the stands whereas both HS-1 and HS-2 
were, although HS-2 was less hazardous than HS-1. 
Cultivars differed significantly in 1979 dry matter 
yield over harvest schedules imposed in 1977-78 (Table 14). 
First-harvest and total yields are presented in Table 16 and 
dry matter yields at each harvest are shown in Appendix 
Table A3. First-harvest yields reflected winterhardiness 
differences to a considerable degree. Vernal, Valor and 520 
were similar in first-harvest yield averaged over harvest 
schedules imposed in 1977-78; all three cultivars yielded 
significantly more than Saranac, 7504 and G777. Saranac 
and 7504 were similar in yield and both yielded significantly 
more than Gill. The cultivar x 1977-78 harvest schedule 
interaction was significant at the 10% level for first-harvest 
yield, Cultivars ranked similarly under the three harvest 
schedules; however, like winterhardiness and stand percentage, 
the range was greatest under HS-1 and least under HS-3. 
Average carryover effects of harvest schedule imposed 
in 1977-78 were significant at the 10% level for 1979 first-
harvest yield. Harvest schedule 3 averaged approximately 
0.8 and 0.4 metric ton/hectare higher in yield than HS-1 and 
HS-2, respectively. The 1979 results presented so far indi­
cate that none of the cultivars were deleteriously affected 
by HS-3 compared to HS-1 and HS-2 imposed during the previous 
66 
two years. 
Vernal, Valor, 520 and 7504 were similar in 1979 total 
yield averaged over harvest schedules imposed in 1977-78, 
Those four cultivars yielded significantly more than 
Saranac and G777 which yielded similarly. Ranking of culti­
vars for overall total dry matter yield was similar to that 
for first-harvest yield with one exception, 7504, which 
ranked fifth at the first harvest and third for total yield 
(Table 15). The cultivar by 1977-78 harvest schedule inter­
action was significant for 1979 total yield (Table 14). 
Changes occurred among harvest schedules in range and rank­
ing of cultivars. As in the first harvest, the range 
among cultivars was greatest under 1977-78 HS-1. Differ­
ences among cultivars were not significant under HS-3. Valor 
was the highest yielding cultivar in 1979 under 1977-78 HS-1; 
however, under HS-2 it ranked fourth and did not differ sig­
nificantly from Vernal, 520 and 7504. Saranac and G777 were 
similar and low in total yield under all 1977-78 harvest 
schedules. Although average carryover effects of harvest 
schedules imposed in 1977-78 were not significant for 1979 
total yield, the ranking of harvest schedules means was the 
same as for first-harvest yield, winter injury rating and 
stand percentage. 
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Quality Traits 
Crude protein 
Cultivars differed significantly in percentage of crude 
protein (CP) in 1978 at P = 0.0508 and over years at the 10% 
level (Tables 17 and 18). Interactions of cultivars with 
harvest schedules and years were not significant. The dif­
ferences among cultivars were small with a range of less than 
a percentage unit among means over harvest schedules. Cul­
tivars 520 and Vernal had the highest average percentage CP 
in 1977 and 1978, respectively, while strain 7504 averaged 
lowest in both years. Cultivar means were slightly higher 
in 1978 than in 1977 (Table 19). 
Average CP content of harvest schedules differed sig­
nificantly in 1977, 1978 and over years. The harvest 
schedule x year interaction was highly significant. In both 
years, HS-3 ranked lowest; however, the range among harvest 
schedules was greater in 1978. Also, the difference between 
years was greater for HS-1. Dry weather may have been a 
factor in the lower percentage CP for HS-1 in 1977. Average 
CP content of first-harvest forage was considerably lower in 
1977 than in 1978. 
Advance in maturity of spring growth affected CP content 
of first-cut forage of the three harvest schedules in both 
years. Percentage CP declined with advance in maturity of the 
alfalfa plants (Appendix Tables A4 and A5), Differences in 
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Table 17. Summary of analyses of variance for crude protein, acid de­
tergent fiber, neutral detergent fiber and digestible dry 
matter content of six alfalfa cultivars under three harvest 
schedules in 1977 and 1978 
Mean squares 
source of 
variation freedom 1977 1978 1977 1978 
Replication 
Harvest 
schedules (HS) 
Error "a" 
Cultivar (C) 
C X HS 
Error "b" 
2 
6 
5 
10 
45 
0.8304 
18.3366** 
1.2229 
0.1980 
0.2608 
0.2026 
0.2874 
47.5913** 
0.1354 
0.2565+ 
0.1338 
0.1064 
4.7885 
150.2738** 
8.4709 
2.2238+ 
0.6642 
1.0082 
0.5948 
184.1549** 
1.2980 
2.3073** 
0.3388 
0.5321 
NDF 7o 
1977 1978 
DDM 7o 
1977 1978 
Replication 
Harvest 
schedules (HS) 
Error "a" 
2 
6 
14.9507 
211.1786** 
16,2426 
1.6024 
223.3408** 
0.9704 
2.1758 
45.4914* 
4.3115 
0.3807 
89.3261** 
0.5828 
Cultivar (C) 
C X HS 
Error "b" 
5 
10 
45 
1.9432 
1.1769 
1.2764 
2.3147** 
0.5357 
0.5908 
0.6531 
0.2838 
0.4568 
0.8757* 
0.1060 
0.3036 
+,*,**Significant at the 0.1, 0.05 and 0.01 levels, respectively. 
Table 18. Summary of combined analyses of variance over years for crude protein, 
and detergent fiber, neutral detergent fiber and digestible dry matter 
content of six alfalfa cultivars under three harvest schedules 
(1977 and 1978) 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
CP % ADF % NDF % DDM % 
Replications 3 1.0143 1.1639 6.5027 0.8059 
Harvest schedules (HS) 2 59.9702** 332.5901** 399.4663** 129.5554** 
Error "a" 5 0.5433 5.7093 8.9345 2.5709 
Cultivars (C) 5 0.3366+ 4.0232** 3.1258* 1.1595* 
C X HS 10 0.2457 0.5798 0.5954 0.1605 
Error "b" 45 0.1512 0.9318 1.0818 0.4537 
Years (Y) 1 2.4830** 42.8415** 41.4861** 3.4558* 
Y X HS 2 5.9577** 1.8385 35.0532** 5.2510** 
Y X C 5 0.1179 0.5080 1.1312 0.3594 
Y X HS X C 10 0.1490 0.4232 1.0171 0.2293 
Error "c" 54 0.2277 1.1926 2.1271 0.5025 
+,*,**Significant at the 0.1, 0.05 and 0,01 levels, respectively. 
Table 19. Percentage crude protein in six alfalfa cultivars under three harvest schedules, 
1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 12 3 Mean 12 3 Mean 12 3 Mean 
Vernal 15.46 15.23 13.93 14.87 16.65 14.88 14.47 15.34 16.05 15.06 14.20 15.11 
Valor 15.69 14.98 13.81 14.83 16.89 14,68 14.09 15.22 16.29 14.83 13.95 15.02 
520 16.22 15.19 13.91 15.11 16.86 14,80 13.93 15.20 16.54 15.00 13.92 15.15 
Saranac 15.97 14.88 13.92 14.92 16.87 14.61 14.06 15.18 16.42 14.72 13.99 15.05 
7504 15.31 14.71 14.18 14.73 16.65 14.44 13.59 14.90 15.98 14.58 13.89 14.82 
G i l l  15,60 15.25 14.10 14.98 16.58 14.87 14.14 15.20 16.09 15.06 14.12 15.09 
Mean 15.71 15.04 13.97 14.91 16.75 14.71 14.05 15.17 16.23 14.88 14.01 15.04 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules NS NS NS 
Between cultivars within harvest schedules NS NS NS 
Between harvest schedules over cultivars 0.78 0.26 0.37 
Between harvest schedules within cultivars 0.97 0.50 0.51 
C.V. (7c) 2.97 2.15 2.58 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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average length of regrowth period between harvests also may 
have contributed to the differences in average CP content 
among the three harvest schedules. For example, HS-1 with 
an average of 36 days between harvests had the highest aver­
age percentage CP while HS-3 with an average of 42 days be­
tween harvests had the lowest average percentage CP. 
Acid detergent fiber (ADF) 
Acid detergent fiber is negatively associated with for­
age quality. There were significant differences among cul-
tivars for percent ADF in 1978 and over years (Tables 17 and 
18) . In 1977, cultivars differed significantly at the 10% 
level. The interactions of cultivars with harvest schedules 
and years were not significant. Over years and harvest 
schedules, the range among cultivars in ADF content was 1.2 
percentage units with the intermediate regrowth type 
Saranac being lowest and the high yielding experimental strain 
7504 being highest (Table 20). Cultivars 520 and Valor were 
second lowest and second highest, respectively. The six cul­
tivars averaged 1.09 percentage units higher in ADF content 
in 1978 than in 1977. This difference was highly significant. 
Differences among harvest schedules in average ADF con­
tent were highly significant in 1977, 1978 and over years. 
Over years, HS-1 and HS-2 averaged, respectively, 4.96 and 
4.01 percentage units lower in ADF than HS-3. These differ­
ences were relatively consistent from 1977 to 1978 with the 
Table 20. Percentage acid detergent fiber of six alfalfa cultivars under three harvest schedules, 
1977-78 
1977 mS 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 
Vernal 30.93 31.04 35.44 32.47 31.10 32.12 36.03 33.08 31.02 31.58 35.74 32.78 
Valor 30.65 31.03 35.31 32.33 31.25 32.07 36.42 33.25 30.95 31.55 35.86 32.79 
520 29.93 30.38 35.11 31.81 30.58 32.24 36.19 33.00 30,26 31.31 35.65 32.41 
Saranac 29.48 30.48 34.22 31.39 29.93 31.90 35.83 32.55 29.70 31.19 35.03 31.97 
7504 30.95 31,86 34.50 32.44 31.55 33.15 36.99 33.90 31.25 32.50 35.75 33.17 
G777 29.90 30.78 34.92 31.87 31.26 31.86 36.06 33.06 30.58 31.32 35.49 32.46 
Mean 30.31 30.93 34.92 32.05 30.95 32.22 36.25 33.14 30.63 31.58 35.59 32.60 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules NS 0.60 0,56 
Between cultivars within harvest schedules NS 1.04 0.97 
Between harvest schedules over cultivars 2.06 0.80 1.19 
Between harvest schedules within cultivars 2.47 1.24 1,48 
C.V. (%) 3.13 2.20 2.96 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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interaction of harvest schedules with years being nonsig­
nificant . 
Acid detergent fiber content at each harvest is shown 
in Appendix Tables A6 and A7. Percentage ADF increased with 
advance in maturity of spring growth. For instance, HS-1 
harvested on May 19, 1977 averaged 33.2% ADF, HS-2 harvested 
13 days later averaged 36.3% ADF while HS-3 harvested on 
June 9 averaged 35.5% ADF. In 1978, first-harvest forage 
increased in average ADF content from 32.1% on May 30 (HS-l) 
to 36.6 on June 12 (HS-3). The widest range among harvests 
in average ADF content over cultivars occurred under HS-2 in 
both years. The range was 12.9 and 8.4 percentage units in 
1977 and 1978, respectively, with the October harvest being 
lowest and the June harvest highest in both years. The low 
values for the October harvest may be attributed partially 
to the fact that the plants were not cut as close to the 
ground at that harvest in both years. 
Neutral detergent fiber (NDF) 
Like ADF, NDF is negatively associated with forage 
quality. Cultivars differed significantly in NDF content in 
1978 and over years (Tables 17 and 18). Cultivar x HS and 
cultivar x year interactions were not significant. The trends 
in cultivar differences were similar to those for ADF content. 
The range of 1.1 percentage units among cultivar means over 
years and harvest schedules was slightly lower than that for 
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ADF content. There was a positive association between NDF 
content and yield with Saranac and G777 being low in both 
traits and Valor and 7504 being high. The six cultivars 
averaged 1.08 percentage units higher NDF content in 1978 
than in 1977 (Table 21). Like ADF content, this difference 
was highly significant. 
Average NDF content of harvest schedules differed sig­
nificantly in 1977, 1978 and over years. The harvest schedule 
X year interaction was highly significant (Table 18). In 
1977, HS-2 ranked lowest and HS-3 ranked highest; however, 
in 1978, HS-1 ranked lowest and HS-3 ranked highest (Table 
21). The range among harvest schedules was greater in 1978. 
Also, the difference between years was greatest for HS-2. 
Trends in NDF content at each harvest were similar to 
those for ADF (Appendix Tables A8 and A9). Percentage NDF 
increased with advance in maturity of spring growth. In 
1977, first-harvest forage increased in average NDF content 
from 40.2% on May 19 (HS-1) to 44.5% on June 9 (HS-3). In 
1978, it increased from 39.3% on May 30 (HS-l) to 44.3% on 
June 12 (HS-3). The range among harvests in average NDF con­
tent over cultivars was greatest under HS-2 in both years. 
The range was 15.2 and 8.9 percentage units in 1977 and 1978, 
respectively, with the June harvest being highest and the 
October harvest lowest in both years. 
Table 21. Percentage neutral detergent fiber of six alfalfa cultivars under three harvest 
schedules, 1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 12 3 Mean 12 3 Mean 12 3 Mean 
Vernal 40.14 38.45 44.79 41.13 38 .88 41 .22 44.30 41 .47 39 .51 39.84 44. 54 41 .30 
Valor 39.62 38.92 44.17 40.90 38 .89 41 .54 45.04 41 .82 39 .26 40.23 44. 60 41 .36 
520 39.00 38.22 44.63 40.62 38 .28 41 .85 44.81 41 .65 38 .64 40.03 44. 72 41 .13 
Saranac 38.39 38.47 43.23 40.03 38 .16 40 .96 44.95 41 .36 38 .28 39.71 44. 09 40 .69 
7504 39.95 39.40 43,55 40.97 39 .40 42 .64 45,73 42 .59 39 .68 41.02 44. 64 41 .78 
G777 38.59 38.59 44.17 40.45 39 .18 41 .26 44.52 41 .65 38 .89 39.92 44. 35 41 .05 
Mean 39.28 38.68 44.09 40.68 38 .80 41 .58 44.89 41 .76 39 .04 40.13 44. ,49 41 .22 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules NS 0 .63 0 .60 
Between cultivars within harvest schedules NS 1 .09 1 .05 
Between harvest schedules over cultivars 2,85 0 .70 1 .49 
Between harvest schedules within cultivars 3,19 1 .21 1 .77 
C.V. (7c) 2.78 1 .84 2 .52 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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Digestible dry matter (DDM) 
Percentage DDM was estimated from percent ADF as de­
scribed in Materials and Methods. Digestible dry matter per­
centage has a negative association with ADF. 
The analyses of variance for percentage DDM indicated 
significant differences among cultivars in 1978 and over 
years (Tables 17 and 18). Interactions of cultivars with 
years and harvest schedules were not significant. The trend 
in cultivar differences was very similar to those in ADF and 
NDF content. Over years and harvest schedules, the range 
among cultivars in percentage DDM was small (0.61 percentage 
unit) with Saranac being highest, while 7504 was lowest 
(Table 22). Percentage DDM and yield were negatively associ­
ated. The six cultivars averaged only 0.31 percentage unit 
higher in DDM in 1977 than in 1978. However, the difference 
was significant. 
Average percentage DDM of harvest schedules differed 
significantly in 1977, 1978 and over years. The harvest 
schedule x year interaction was highly significant (Table 
18). Although harvest schedules ranked similarly in 1977 
and 1978, the range among harvest schedules was greater in 
1978. Also, the difference between years was greatest for 
HS-3. 
Trends in percentage DDM at each harvest (Appendix 
Tables AlO and All) were similar to but the reverse of those 
for ADF. Percentage DDM decreased with advance in maturity 
Table 22. Percentage digestible dry matter of six alfalfa cultivars under three harvest schedules, 
1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 12 3 Mean 12 3 Mean 12 3 Mean 
% 
Vernal 67.62 66.53 64.90 66.35 67.87 66.88 64.36 66.37 67.74 66.71 64.63 66.36 
Valor 67.95 66.63 64.79 66.46 67.78 66.92 64.12 66.27 67.86 66.77 64.46 66.37 
520 68.21 66.94 64.92 66.69 68.13 66.80 64.31 66.41 68.17 66.87 64.62 66.55 
Saranac 68.34 66.80 65.85 67.00 68.37 67.05 64.51 66,65 68.36 66.93 65.18 66.82 
7504 67.79 66.36 65.57 66.57 67.58 66.44 63.50 65.84 67.69 66.40 64.54 66.21 
G777 68.07 66.84 65.43 66.78 67.83 67.18 64.32 66.44 67.95 67.01 64.88 66.61 
Mean 68.00 66.68 65.24 66 o 64 67.93 66.88 64.19 66.33 67.96 66.78 64.72 66.49 
LSD. 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules NS 0.45 0.40 
Between cultivars within harvest schedules NS 0.78 0.69 
Between harvest schedules over cultivars 1.47 0.54 0.80 
Between harvest schedules within cultivars 1.70 0.89 1.01 
C.V. (%) 1.01 0.83 1.02 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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of spring growth. In 1977, first-harvest decreased in aver­
age percentage DDM from 66,6% on May 19 (HS-l) to 64.2% on 
June 1 (HS-2), and then increased slightly to 64,9% on 
June 9 (HS-3). In 1978, it decreased from 67.4% on May 30 
(HS-l) to 63.9% on June 12 (HS-3). The range among harvests 
in average percent DDM was slightly higher in 1977 for HS-l 
and HS-2, with the widest range of 4.4 percentage units 
occurring under HS-2 in 1977. In both years for HS-2, 
percentage DDM was highest and lowest for October and June 
harvests, respectively. 
Yield of crude protein (CP) 
Yield of CP shows, to some extent, similar trends to 
those for dry matter yields, probably because of less varia­
tion in percentage CP among cultivars. 
Differences among cultivars in yield of CP over harvest 
schedules were significant at the 5% level in 1977 and at the 
1% level in 1978 and over years (Table 23); however, in both 
years, the range among cultivars was less than 0.2 metric 
ton/hectare (Table 24). The cultivar x harvest schedule 
interaction was significant over years but not in 1977 and 
1978. The cultivar x year, and cultivar x year x harvest 
schedule interactions were not significant. The nature of 
the cultivar x harvest schedule interaction over years was 
associated, to a great extent, with differences in rank 
and, to a lesser extent, with differences in range of 
Table 23. Summary of analyses of variance for annual yields of crude protein and digestible dry 
matter of six alfalfa cultivars in 1977, 1978, and combined over years 
Mean squares 
Source of 
variation 
Degrees 
of 
freedom 
Crude protein Digestible dry matter 
1977 1978 1977-78 1977 1978 1977-78 
Replications 3 0.11843 0.00054 0.05236 3.47470 0.15514 2.17709 
Harvest schedules (HS) 2 1.42167* 0.11396* 0.89734** 10.81102 15.76600** 10.40410+ 
Error "a" 6 0.13927 0.01733 0.07978 4.47232 0.37479 2.40539 
Cultivars (C) 5 0.03860* 0.02967** 0.06039** 1.01484** 0.45862** 1.21826** 
C X HS 10 0.01125 0.00896 0.01460* 0,34952 0.16300 0.37341* 
Error "b" 45 0.01323 0.00744 0.00671 0.24824 0.10544 0.14419 
Years (Y) 1 0.00532 9.57072** 
Y X HS 2 0.63829** 16.17292** 
Y X C 5 0.00788 0.2552 
Y X HS X C 10 0.00561 0.13911 
Error "c" 54 0.02386 0.52653 
^\*,**Significant at the 0.1, 0.05, and 0.01 levels, respectively. 
Table 24. Annual yield of crude protein of six alfalfa cultivars under three 
harvest schedules, 1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Hairvest schedule 
Cultivar 12 3 Mean 12 3 Mean 12 3 Mean 
Metric tons/hectare-
Vernal 2.44 2.37 2.03 2.28 2.15 2.38 2. 22 2.25 2.30 2.37 2.13 2 .27 
Valor 2.51 2.40 2.00 2.31 2.27 2.38 2. 26 2.30 2.39 2.39 2.13 2 .30 
520 2.47 2.17 1.98 2.21 2.26 2.31 2. 18 2.25 2.36 2.24 2.08 2 .23 
Saranac 2.37 2.23 1.94 2.18 2.10 2.25 2. 20 2.18 2.23 2.24 2.07 2 .18 
7504 2.50 2.42 1.96 2.29 2.24 2.30 2. 15 2.23 2.37 2.36 2.05 2 .26 
G i l l  2.40 2.24 1.93 2.19 2.17 2.24 2. 09 2.17 2.28 2.24 2.01 2 .18 
Mean 2.45 2.31 1.97 2.24 2.20 2.31 2. 18 2.23 2.32 2.31 2.08 2 .24 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules 0.09 0.07 0. 05 
Between cultivars within harvest schedules 0.16 0.12 0. 08 
Between harvest schedules over cultivars 0.26 0.09 0. 14 
Between harvest schedules within cultivars 0.30 0.15 0. 16 
C.V. (%) 5.13 3.87 3. 66 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3  =  3  h a r v e s t s  
by September 5. 
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cultivars among harvest schedules (Table 24). For instance. 
Vernal ranked fourth under HS-1 but second and first under 
HS-2 and HS-3, respectively, 7504 ranked second under HS-1 
but fifth under HS-3. Range of cultivars was greatest under 
HS-1 and least under HS-3. 
Average yield of CP of harvest schedules differed sig­
nificantly in 1977, 1978 and over years. The harvest schedule 
X year interaction was highly significant. Harvest schedule 
1 ranked highest and intermediate in yield of CP in 1977 and 
1978, respectively, HS-3 ranked lowest in both years. Al­
though HS-2 changed ranking from intermediate in 1977 to 
highest in 1978, the average yield of CP of HS-2 was the same 
in both years (Table 24). The range among harvest schedules 
was greater in 1977; also, the difference between years was 
greater for HS-1 than HS-3. 
Yield of digestible dry matter (DDM) 
Trends in yield of DDM were very similar to those for dry 
matter yield. There were significant differences among cul­
tivars in yield of DDM over harvest schedules in 1977, 1978 
and over years (Table 23). The cultivar x harvest schedule 
interaction was significant over years. Interaction of cul­
tivars with years was not significant. Changes in rank and 
range of cultivars among harvest schedules were the major 
contributing factors to the cultivar x harvest schedule inter­
action over years (Table 25). For instance, 7504 ranked first 
Table 25. Annual yield of digestible dry matter of six alfalfa cultivars under three harvest 
schedules, 1977-78 
1977 1978 1977-78 average 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 
•Metric tons/hectare 
Vernal 10.68 10.88 9.80 10.45 8.70 10.57 9.94 9.74 9.69 10,72 9.87 10.09 
Valor 10.95 11.16 9.62 10.58 9.03 10.76 10,30 10.03 9.99 10.96 9.96 10.30 
520 10.44 10,01 9.63 10.02 9,17 10.33 10,09 9.85 9,78 10.17 9.86 9.94 
Saranac 10.19 10.50 9.42 10.04 8.44 10,24 10,16 9.62 9,32 10.37 9.79 9.83 
7504 11.12 11.31 9.33 10.59 9.01 10,55 10.02 9.86 10.06 10.93 9.67 10.22 
G777 10.44 10.30 9.22 9.99 8.83 10,07 9.54 9,48 9.63 10.18 9.38 9.73 
Mean 10.64 10.69 9.50 10,28 8.86 10.42 10.01 9.76 9.75 10.56 9.76 10.02 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules 0.41 0.27 0,22 
Between cultivars within harvest schedules 0.71 0.46 0,38 
Between harvest schedules over cultivars NS 0.43 NS 
Between harvest schedules within cultivars NS 0.60 0.85 
C.V. (7o) 4.85 3.33 3.79 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o b e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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and second under HS-1 and HS-2, respectively, but fifth 
under HS-3j 520 ranked sixth under HS-2 but third under HS-1 
and HS-3. Also, the range among cultivars was smaller under 
HS-3 than under HS-1 and HS-2, under which the ranges were 
similar. The six cultivars averaged 0.52 metric ton/hectare 
higher in yield of DDM in 1977 than in 1978. This differ­
ence was highly significant. 
Differences among harvest schedules in average yield of 
DDM were significant at the 1% level in 197 8 and at the 10% 
level over years, but they were not significant in 1977. 
In 1978, HS-2 and HS-3 averaged, respectively, 1.55 and 1.15 
metric tons/hectare higher in DDM yield than HS-1. These 
differences were significant. The harvest schedule x year 
interaction was highly significant (Table 23). The greater 
range among harvest schedules in 1978 and the lower yield 
of DDM for HS-1 in 1978 than in 1977 contributed to the 
interaction. 
Dry matter intake (DMI) 
Dry matter intake was estimated from percent NDF. Analy­
ses of variance of DMI and cultivar and harvest schedule 
means associated with them are shown in Tables 26 and 27. 
Differences among cultivars were significant in 1978 and over 
years, but not in 1977. The cultivar x harvest schedule 
interaction was not significant. The trend in cultivar means, 
as expected, was very similar to that in NDF content. The 
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Table 26. Summary of analyses of variance of dry matter 
intake (DMI), digestible dry matter intake (DEMI), 
and relative feed value (RFV) of six alfalfa cul-
tivars, 1977, 1978 and combined over years 
Source of 
variation 
Degrees 
of Mean squares 
freedom 1977 1978 1977-78 
Replications 
Harvest 
schedule (HS) 
Error "a" 
2 
6 
DMI 
34.9332 3.5576 15.2970 
425.1019** 509.1292** 883.9186** 
36.2561 2.1886 19.6627 
Cultivar (C) 5 
C X HS 10 
Error "b" 45 
4.1533 
2.3299 
2.8240 
5.3205** 
1.1495 
1.3286 
6.3935* 
1.1539 
2.4339 
Years (Y) 
Y X HS 
Y X C 
Y X HS X C 
Error "c" 
1 
2 
5 
10 
54 
59.4505** 
50.3125** 
3.0803 
2.3254 
4.8077 
DDMI 
Replications 
Harvest 
schedule (HS) 
Error "a" 
3 34.4366 
2 491.9898** 
6 43.1700 
1.6033 12.9402 
759.3573** 1226.0879** 
3.3682 24.4593 
*,**Significant at the 0.05 and O.Ol levels, 
respectively. 
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Table 26. (Continued) 
Source of 
variation 
Degrees 
of 
freedom 1977 
Mean squares 
1978 1977-78 
DPMI (continued) 
Cultivar (C) 5 
C X HS 10 
Error "b" 45 
5.9606 
2.5919 
3.5994 
7.6246** 
1.1182 
2.0097 
9.8228* 
1.3692 
3.3487 
Years (Y) 
Y X HS 
Y X C 
Y X HS X C 
Error " c "  
1 
2 
5 
10 
54 
61.0431** 
25.2592* 
3.7624 
2.3408 
5.6202 
Replications 
Harvest 
schedule (HS) 
Error "a" 
2 
6 
RFV 
70.2817 
1004.1009** 
88.1055 
3.2723 
1549.7708** 
6.8742 
26.4095 
2502.3203** 
49.9195 
Cultivar (C) 5 12.1651 
C X HS 10 5.2898 
Error "b" 45 7.3461 
15.5610** 
2 . 2 8 2 0  
4.1016 
20.0473* 
2.7944 
6.8343 
Years (Y) 
Y X HS 
Y X C 
Y X HS X C 
Error "c" 
1 
2 
10 
54 
124.5826** 
51.5514* 
7.6787 
4.7774 
11.4703 
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Table 27. Dry matter intake of six alfalfa cultivars under 
three harvest schedules, 1977-78 
Harvest schedule^ 
Cultivar 12 3 Mean 
g/Wkg°" 
1977 
Vernal 138.84 140.01 131.63 136.83 
Valor 139.59 139.44 132.45 137.16 
520 140.39 140.45 131.64 137.49 
Saranac 141.22 140.07 134.11 138.47 
7504 139.06 139.12 133.48 137.22 
G i l l  140.92 140.13 132.59 137.88 
Mean 140.01 139.87 132.65 137.51 
1978 
Vernal 140.63 136.90 132.52 136.68 
Valor 140.52 135.53 131.32 136.12 
520 141.43 136.04 131.66 136.38 
Saranac 141.55 137.35 131.40 136.77 
7504 139.83 134.94 130.07 134.95 
G777 140.24 137.08 132.01 136.44 
Mean 140.70 136.47 131.50 136.22 
1977-78 
Vernal 139.74 138.45 132.07 136.75 
Valor 140.06 137.98 131.88 136.64 
520 140.91 138.24 131.65 136.93 
Saranac 141,39 138.71 132.76 137.62 
7504 139.45 137.03 131.77 136.08 
G i l l  140.58 138.60 132.30 137.16 
Mean 140.35 138.17 132.07 136.87 
LSD. 0.05 1977 1978 1977-78 
Between cultivars over har. sched. NS 0. 95 0.91 
Between cultivars within har. sched. NS 1. 64 1.57 
Between har. sched. over cultivars 4.23 1. 05 2.21 
Between har. sched. within cultivars 4.76 1. 82 2.63 
C.V. (%) 1.2 0. 8 1.1 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  
October 24, 3=3 harvests by September 5. 
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range among cultivar means over harvest schedules in 1978 
and over years was narrow with Saranac and G777 being highest 
and the high yielding hybrid 7504 and Valor being lowest. 
0 75 The six cultivars averaged 1.3 g/Wkg ' higher DMI in 1977 
than in 1978 and this difference was highly significant. 
Differences among harvest schedules in average DMI were 
significant at the 1% level in 1977, 1978 and over years. 
Dry matter intake was consistently highest for HS-1 followed 
by HS-2 and HS-3, respectively. In 1977 and over years, HS-1 
and HS-2 were similar but in 1978 all three harvest schedules 
were significantly different (Table 27). The harvest schedule 
X year interaction was significant at the 1% level, the range 
among harvest schedules was greater in 1978 and the differ­
ence between years was greatest for HS-2. 
Digestible dry matter intake (DPMI) 
Digestible dry matter intake is a product of DDM and 
DMI divided by 100. Differences among cultivars were sig­
nificant in 1978 and over years, but not in 1977 (Table 26). 
The interaction of cultivars x harvest schedules was never 
significant. Like most quality traits, the range among cul­
tivars was narrow. In 1978, 7504 was significantly lower in 
DDMI than all other cultivars. The differences among the 
other five cultivars were not significant (Table 28). Over 
years, Saranac and Gill, the two lowest yielding cultivars, 
had the highest DDMI values whereas 7504 and Valor, the two 
Table 28. Digestible dry matter intake of six alfalfa cultivars under three harvest schedules, 
1977-78 
m7 1978 1977-78 
Harvest schedule^ Harvest schedule Harvest schedule 
Cultivar 12 3 Mean 12 3 Mean 12 3 Mean 
g/Wkg°'75 
Vernal 93.91 93.32 85.46 90.90 95 .45 91.63 85.32 90 .80 94 .68 92.48 85 .39 90 .85 
Valor 94.87 93.08 85.29 91.29 95 .26 91.43 84.22 90 .30 95 .07 92.26 85 .07 90 .80 
520 95.77 94.13 85.61 91.84 96 .36 90.95 84.69 90 .67 96 .07 92.54 85 .15 91 .25 
Saranac 96.52 93.72 88.38 92.87 96 .79 92.16 84.82 91 .26 96 .66 92.94 86 .60 92 .07 
7504 94.29 92.48 87.61 91.46 94 .53 89.71 82.62 88 .95 94 .41 91.09 85 .11 90 .21 
G777 95.94 93.82 86.81 92.19 95 .14 92.13 84.99 90 .75 95 .54 92.97 85 .90 91 .47 
Mean 95.22 93.42 86.63 91.76 95 .59 91.34 84.44 90 .46 95 .41 92.38 85 .54 91 .11 
LSD, 0.05 1977 1978 1977-78 
Between cultivars over harvest schedules NS 1.17 1.06 
Between cultivars within harvest schedules NS 2.02 1.84 
Between harvest schedules over cultivars 4.64 1.30 2.47 
Between harvest schedules within cultivars 5.24 2.24 2.98 
C.V. (7c) 2.1 1.6 2.0 
^ 1 = 4  h a r v e s t s  b y  S e p t e m b e r  1 1 ,  2 = 4  h a r v e s t s  b y  O c t o o e r  2 4 ,  3 = 3  h a r v e s t s  b y  S e p t e m b e r  5 .  
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highest yielding cultivars, had the lowest values. These 
trends were similar to those for percentages NDF and DDM, 
Although the overall mean DDMI value for 1978 was only 
slightly lower than that for 1977, nevertheless, the dif­
ference was highly significant. 
Harvest schedule means over cultivars differed signifi­
cantly in each year and over years. Harvest schedules 1 and 
3 were consistently highest and lowest in DDMI. Harvest 
schedule 2 was more similar to HS-1 than to HS-3, The 
year x harvest schedule interaction was significant. The 
greater range among harvest schedules in 1978 and the higher 
DDMI for HS-1 in 1978 than in 1977 contributed to the inter­
action. 
Relative feed value (RFV) 
The trends in results for relative feed value were the 
same as for DDMI because RFV was obtained by multiplying each 
DDMI value by 1.4286 (Tables 26, 28 and 29). 
In accordance with American Forage and Grassland 
Council's (AFGC) proposed new hay standards: RFV 137 = Grade-
1, 120-136 = Grade-2, 102-119 = Grade-3 (Rohweder and Baylor, 
1980; Allison et al., 1980). RFV's averaged over cultivars 
and harvests for HS-1 were near the upper limit for Grade-2 
hay, those for HS-2 were slightly lower, and those for HS-3 
were near the lower limit for Grade-2. There was consider­
able variation in RFV among harvests within years and harvest 
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Table 29. Relative feed value of six alfalfa cultivars under 
three harvest schedules, 1977-78 
Harvest schedule^ 
Cultivar 1 2 3 Mean 
1977 
7o— — 
Vernal 134.16 133.32 122.09 129.86 
Valor 135.53 132.97 122.75 130.42 
520 136.82 134.48 122.31 131.20 
Saranac 137.89 133.89 126.26 132.68 
7504 134.71 132.11 125.16 130.66 
G777 137.05 134.03 124.02 131.70 
Mean 136.03 133.47 123.77 131.09 
1978 
Vernal 136.37 130.91 121.89 129.72 
Valor 136.09 130.62 120.31 129.01 
520 137.66 129.93 120.98 129.53 
Saranac 138.28 131.66 121.18 130.37 
7504 135.04 128.16 118.03 127.08 
G i l l  135.92 131.61 121.42 129.65 
Mean 136.56 130.48 120.64 129.23 
1977-78 
Vernal 135.26 132.12 121.99 129.79 
Valor 135,81 131.80 121.53 129.71 
520 137.24 132.21 121.65 130.36 
Saranac 138.08 132.77 123.72 131.53 
7504 134.87 130.14 121.59 128.87 
G i l l  136.49 132.82 122.72 130.67 
Mean 136.29 131.97 122.20 130.16 
LSD. 0.05 1977 1978 1977-78 
Between cultivars over har . sched. NS 1. 67 1.52 
Between cultivars within har. sched. NS 2. 88 2.63 
Between har. sched. over cultivars 6.63 1. 85 3.53 
Between har. sched. within cultivars 7.48 3. 21 4.25 
C.V. (%) 2.1 1. 6 2.0 
= harvests by September 11, 2=4 harvests by 
October 24, 3=3 harvests by September 5, 
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schedules, particularly HS-2. In 1977, the four harvests of 
HS-2 ranged from 119.5 to 146.7 in RFV and in 1978 they 
ranged from 124.7 to 142.5 (Appendix Tables A20 and A21). 
Examination of RFV's at individual harvests in both years 
revealed that some aftermath harvests were of a higher hay 
grade than first-harvest forage. For instance, in 1977 the 
RFV of second and third harvests of HS-1 and third and fourth 
harvests of HS-2 were in the range for Grade-1 hay while RFVs 
of remaining harvests of HS-1 and HS-2 and all harvests of 
HS-3 were in the range for Grade-2 hay. In 1978, only the 
RFV's for second and fourth harvest of HS-1 and fourth har­
vest of HS-2 were in the range for Grade-1 hay. Also, the 
RFV of the second harvest of HS-3 fell from Grade-2 in 1977 to 
Grade-3 in 1978. 
The differences between mean RFV of HS-2 and -3 were 
large and similar in 1977 and 1978, whereas the differences 
between HS-1 and -2 were smaller. The latter difference 
more than doubled from 1977 to 1978. Therefore, hay quality 
under HS-2 was more similar on the average to that of HS-1 
than to HS-3. 
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DISCUSSION AND CONCLUSIONS 
Four harvests per year with the last harvest near 10 
September (HS-l) gave the lowest dry matter yields and poorest 
persistence. Forage quality, however, was highest under HS-l. 
The low yields and poor stands were likely due to the shorter 
growth periods between harvests and after the last harvest 
each year. These growth periods probably were not long 
enough to allow maximum storage of root reserves, thereby 
weakening the plants. This was most detrimental to the less 
winterhardy, fast regrowth types. 
The high forage quality under HS-l was related to the 
younger growth stage of forage at each harvest. Also, forage 
quality did not vary as much among harvests as under the 
other harvest schedules. The range among all harvests in 
relative feed value was 8.7 units. 
Four cuttings per year with the last cut in late October 
(HS-2) gave the highest yields of dry matter and digestible 
dry matter in 1977-78. This was in agreement with the results 
of Tesar (1973). In a comparison of two 4-cut systems, he 
reported an advantage in yield and persistence for taking the 
last harvest in late October as compared with mid-September. 
The two 4-cut systems were somewhat comparable to HS-l and -2 
in this studyJ however. East Lansing, Michigan usually has 
milder winters than Ames, Iowa. 
The high yields under HS-2 were related to delaying the 
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first harvest until early June and gradually increasing the 
growth period between harvests. This should have allowed 
for greater accumulation of reserve carbohydrates than under 
HS-1, particularly at the last harvest in October. This re­
sulted in improved persistence for the fast regrowth types 
but not for the slow regrowth types. Taking the last harvest 
in late October probably was disadvantageous in that it pro­
vided only a 12-15 cm stubble for catching snow for winter 
cover. Although the longest interval between harvests was 
between the third and fourth harvests of HS-2, the fourth 
harvest was higher in feeding value than earlier harvests. 
This may have been due partially to exclusion of a greater 
portion of low quality basal growth from the fourth harvest 
by leaving a higher stubble. On the average, forage quality 
under HS-2 also was more like that of HS-1 than HS-3; however, 
there was more variation among harvests within years than 
under HS-1 or -3. The range among harvests in relative feed 
value (RFV) was 27.2 and 17.8 units in 1977 and 1978, re­
spectively. The first harvest was the lowest in quality. The 
variation among harvests in quality could be reduced by taking 
the first cut in late May instead of early June. This would 
improve the quality of first-harvest forage. 
Three cuttings per year with the last in early September 
gave high yields but the lowest quality. The low forage 
quality was due to delaying the first harvest until June 10 
and allowing six weeks between harvests. Therefore, the 
forage was more mature at each harvest than under HS-1. 
Harvests three and four under HS-2 had similar or longer 
growth periods than under HS-3 but higher quality. The 
higher quality of third-harvest forage under HS-2 may have 
been due to different environmental conditions during the 
growth period and differences in morphology of the plants. 
Plants under HS-3 (three cuts per year) were more vigorous 
and probably had coarser stems and therefore lower quality 
than plants under HS-2 (four harvests per year). 
Harvest schedule 3 was excellent for persistence. It 
was best in early spring growth in 1978 and in winter sur­
vival, stand persistence, and yield in 1979. The late first 
harvest and the long interval between harvests favored re­
plenishment of reserve carbohydrates in the roots. In 
addition, the regrowth after the last harvest was ideal for 
catching snow during the winter and, therefore, providing 
good insulation against cold temperatures. 
Cultivars responded differentially to harvest schedules 
for 1977-78 yield of dry matter, crude protein and digestible 
dry matter; and for 1977 winter injury rating, percentage 
stand and yield of dry matter. The differential responses 
were due mainly to variation in ranking and range of culti­
vars among harvest schedules. 
In 1977-78, cultivars were more similar in relative yield 
of dry matter and digestible dry matter under HS-1 and -2 
compared to HS-3. Rankings and ranges were similar under 
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HS-1 and -2. However, in 1979, there was a much greater 
range among cultivars in winter injury, percentage stand and 
yield under HS-1. This was due to much more winter injury, 
greater stand loss and lower first harvest yields for the 
fast regrowth types under HS-1. These results are similar 
to those reported by Smith et al. (1968) who found that the 
fast regrowth type DuPuits suffered more winter damage, stand 
loss, and reduction in yield than Vernal under a four-harvest 
management at Ames, Iowa. 
The lowest range among cultivars for these traits was 
under HS-3. Very little winter injury was observed and good 
stands were maintained for all cultivars under HS-3. 
Hybrid 7504 showed the greatest change in ranking for 
yield of dry matter and digestible dry matter in 1977-78, 
dropping from highest yielding under HS-1 and -2 to low 
yielding under HS-3. Valor, on the other hand, showed the 
greatest flexibility to harvest managements in terms of 
yield, winter survival and persistence over 1977-79. Gross 
et al. (1958) reported similar findings for Vernal at Ames, 
Iowa. Saranac and Gill were consistently low in yield. 
Susceptibility to anthracnose probably was a factor in their 
low yield. In terms of 1979 yield, hybrid 7504 recovered 
better from winter injury and stand loss than Saranac and 
Gill under HS-1 and -2. 
No consistent relationship was found between regrowth 
type and yield of dry matter under HS-1 and -2 in 1977-78. 
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The fast regrowth hybrid 7504 and the slow regrowth cultivar 
Valor were similar and high in yield under HS-1 and -2. Hy­
brid 7504 and Gill which were similar and fast in regrowth 
were dissimilar in yield. Gill had the lowest yield in 1977-
79. Gill's poor performance in comparison with 7504 may be 
due to its more narrow genetic base. G777 was developed 
from only one germplasm source, the cultivar Cardinal, 
whereas hybrid 7504 came from several germplasm sources. 
Yield in 1977-78 under HS-3 and 1977 regrowth height 
were negatively associated. The slow regrowth types yielded 
more dry matter than the fast regrowth types. These findings 
clearly indicate that HS-1 does not predict relative per­
formance of cultivars under HS-3; however, it does to some 
degree under HS-2. 
The data indicated a positive association between rate 
of regrowth and degree of winter injury and stand loss under 
HS-1. The fast regrowth types had much more winter injury 
and stand loss than the slow regrowth types. Thus, the 
negative association reported in the literature (Barnes et 
al., 1979) between winterhardiness and rate of regrowth or 
fall dormancy was not broken in this group of cultivars. 
This relationship will likely complicate efforts to combine 
maximum winterhardiness with rapid regrowth in alfalfa breed­
ing programs. 
Although cultivars differed significantly for percentage 
acid detergent fiber (ADF), neutral detergent fiber (NDF), and 
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digestible dry matter (DDM), the ranges among cultivars 
were narrow. Interactions of cultivars with harvest 
schedules for these traits were not significant. Matches 
et al. (1970) reported no significant interaction between 
two alfalfa cultivars and cutting managements for percentage 
in vitro digestible dry matter (IVDDM) at Ames, Iowa. The 
low yielding cultivar Saranac had the most desirable levels 
of these three quality constituents while the high yielding 
hybrid 7504 had the most undesirable levels. 
The trends of cultivar differences for ADF, NDF, and DDM 
percentages, dry matter intake (DMI), digestible dry matter 
intake (DDMI) and relative feed value (RFV) were similar. 
Cultivars ranked from high to low quality over years and 
harvest schedules in the following order: Saranac, G i l l ,  
520, Vernal, Valor, and 7504. This was essentially the 
reverse of their ranking for yield of dry matter over harvest 
schedules in 1977-7 8. These results suggest a negative re­
lationship between yield of dry matter and forage quality. 
The trends in variation among cultivars for yield of DDM 
within and over harvest schedules were very similar to those 
for yield of dry matter. Matches et al. (1970) found a 
similar relationship for DuPuits and Vernal. For maximum 
yield of DDM per hectare, a harvest schedule that produces 
the highest yields of dry matter should be used. 
Fractional content of crude protein in the forage 
(1977-78) was considerably lower than values reported in the 
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literature (Matches et al., 1970; Sumberg, 1977). Cultivar 
means ranged from 11.7 to 18.4% crude protein, whereas values 
in excess of 20% have been reported frequently in the litera­
ture. Forty-four of the 1978 forage samples were sent to the 
Soil and Plant Analysis Laboratory at the University of 
Wisconsin-Madison for analysis. Crude protein percentages 
calculated from their nitrogen determinations averaged 17% 
compared with 15% for the same samples in this study. Only 
one of their values exceeded 20%. No explanation was apparent 
for the low crude protein values obtained in this study. 
Cultivar variation for crude protein percentage was small 
and of less importance than yield of dry matter in determining 
differences in yield of crude protein. Sumberg (1977) also 
found little variation in percentage crude protein among nine 
alfalfa cultivars in New York. 
Interaction of cultivars with harvest schedules was not 
significant for crude protein content. Cultivars ranked from 
high to low for percentage crude protein over years and 
harvest schedules in the following order: 520, Vernal, G i l l ,  
Saranac, Valor, and 7504. 
The range among cultivars in yield of crude protein was 
narrow. The ranking of Vernal, 7504 and Saranac showed the 
most variation among harvest schedules and was a major factor 
in the interaction of cultivars with harvest schedules. Valor 
was consistently highest in 1977-78 yield of crude protein 
and Gill lowest. Ranking of cultivars over harvest schedules 
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was similar to the ranking for yield of dry matter. This 
agrees with Matches et al. (1970) who reported that trends 
in yield of crude protein were similar to those observed for 
yield of dry matter of two alfalfa cultivars DuPuits and 
Vernal at Ames, Iowa. 
Based on the results of this study, the following conclu­
sions were reached: 
1. Harvest schedule 1, with the shortest intervals be-
» 
tween harvests, did not favor the fast regrowth 
cultivars. 
2. Harvest schedule 1 was best for differentiation 
among cultivars for winterhardiness and persistence 
and, therefore, should be useful in evaluation of 
cultivars and breeding materials. 
3. Four harvests per season in central Iowa appears 
questionable if good alfalfa stands are to be main­
tained for more than three years. 
4. Slow recovery types are best for long-term stands 
under intensive management for high quality. 
5. Valor showed the greatest flexibility to harvest 
management in terms of yield, winter survival and 
persistence over 1977-79. 
6. Hybrid 7504 responded more favorably to four harvests 
per season than the other fast regrowth types 
Saranac and Gill, probably because of its broader 
genetic base. 
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7. Variation among cultivars for fractional composition 
of forage quality components was small; therefore, 
harvest management was the major factor in relative 
feed value. 
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SUMMARY 
The main objective of my research was to determine 
whether six alfalfa cultivars responded differentially to 
three harvest schedules. 
Forage yield, quality and persistence of the cultivars 
Vernal, Valor, 520, Saranac, G777 and experimental strain 
7504, that varied in rate of regrowth, were studied under 
three harvest schedules as follows; (a) four harvests during 
the period late May to 10 September (HS-l), (b) four harvests 
during the period early June to late October (HS-2), and 
(c) three harvests during the period 10 June to 4 September 
(HS-3). Harvest schedules were imposed during 1977 and 1978, 
and their carryover effects on winter injury, persistence and 
yield of dry matter were determined in 1979. Percentages of 
crude protein (CP), acid detergent fiber (ADF) and neutral 
detergent fiber (NDF) were determined on forage samples har­
vested in 1977-78, Dry matter digestibility, dry matter and 
digestible dry matter intake, and relative feed value were 
estimated from ADF and NDF. 
Cultivars responded differentially to harvest schedules 
for 1977-78 yields of dry matter, crude protein and digestible 
dry matter; and for 1979 winter injury rating, percentage 
stand and yield of dry matter. These cultivar x harvest 
schedule interactions were caused mainly by variation in 
ranking and range of cultivars among harvest schedules. 
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Cultivars were more similar in relative yield (1977-78) under 
HS-1 and-2 compared with HS-3. Good stands were maintained 
for all cultivars under HS-3 but considerable stand depletion 
occurred in plots of the fast regrowth types Saranac, G777, 
and 7504 under the other harvest schedules, especially HS-1. 
Valor showed the most flexibility to harvest schedules in 
terms of dry matter yield, winter survival and persistence 
over 1977-79. Saranac and G777 were consistently low in those 
traits. 
Differences among cultivars for fractional content of 
crude protein, acid detergent fiber and neutral detergent 
fiber were small. Harvest schedules had major effects on 
these quality constituents. Forage quality was highest under 
HS-1 and lowest under HS-3. Yield of dry matter and quality 
were found to be negatively associated. Trends in variation 
among cultivars for yield of DDM within and over harvest 
schedules were very similar to those for yield of dry matter. 
Cultivar differences for yield, persistence and winter sur­
vival were greater under the two 4-cut harvest schedules 
(HS-1 and -2) compared to the 3-cut system (HS-3). 
Four harvests per year with the last harvest in late 
October (HS-2) gave the highest yield of dry matter and 
digestible dry matter in 1977-78; but in 1979, three harvests 
by 4 September gave the highest yield of dry matter. 
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APPENDIX 
Table Al. Yield of dry matter of six alfalfa cultivars at each harvest, 1977 
Harvest 
date Vernal Valor 520 Saranac 7504 G777 Mean 
LSD, 
0.05 
C.V. 
(%) 
"uons/ necuare"—— 
Harvest schedule 1 
19 May 5.68 5.46 5.34 5.12 5.39 4.82 5.33 0.34 4.2 
24 June 3.85 3.95 3.66 3.85 4.07 3.48 3. 84 NS 4.5 
1 Aug 3.25 3.72 3.39 3.37 3.88 3.69 3.55 NS 9.0 
9 Sept 3.07 3.02 2.95 2.58 2.90 2.88 2.90 NS 8.0 
Total 15.86 16.15 15.34 14.93 16.44 15.37 15.68 0.82 6.9 
Harvest schedule 2 
1 June 7.06 7.22 6.33 6.40 7.03 6.07 6.69 0.62 6.1 
6 July 4.33 4.31 3.90 4.27 4.87 4.48 4.36 NS 13.0 
18 Aug 3.11 3.07 2.78 3.26 3.27 2.94 3.07 NS 10.9 
17 Oct 2.09 2.35 2.08 1.98 2.13 2.10 2.12 NS 9.6 
Total 16.59 16.96 15.09 15.90 17.29 15.59 16.24 NS 14.0 
Harvest schedule 3 
9 June 6.95 6.84 6.93 6.53 6.78 6.28 6.72 NS 6.4 
22 July 4.41 4.29 4.43 4.25 3.90 4.42 4.28 NS 7.8 
2 Sept 3.84 3.76 3.57 3.58 3.64 3.39 3.63 NS 5.7 
Total 15.20 14.89 14.93 14.36 14.31 14.10 14.63 NS 8.5 
Table A2. Yield of dry matter of six alfalfa cultivars at each harvest, 1978 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
-—Metric tons/hectare— 
Harvest schedule 1 
30 May 4.09 4.20 4.26 3.90 4.11 3.94 4.08 NS 4.3 
30 June 3.11 3.07 3.21 2.95 3.04 3.11 3.08 NS 5.4 
3 Aug 2.94 3.21 3.07 2.80 3.23 3.14 3.07 0.17 3.6 
11 Sept 2.69 2.84 2.87 2.70 2.96 2.84 2.82 NS 5.9 
Total 12.84 13.33 13.41 12.35 13.34 13.03 13.05 0.61 6.2 
Harvest schedule 2 
5 June 6.14 5.95 5.76 5.53 5.89 5.21 5.75 0.32 3.7 
10 July 4.49 4.56 4.49 4.37 4.70 4.55 4.53 NS 4.4 
22 Auq 3.22 3.35 3.09 3.16 3.12 3.11 3.17 NS 6.1 
24 Oct 2.06 2.30 2.25 2.31 2.25 2.18 2.22 NS 5.1 
Total 15.91 16.17 15.59 15.36 15.96 15.06 15.68 0.68 5.8 
Harvest schedule 3 
12 June 6.89 7.08 7.07 6.99 6.76 6.54 6.89 NS 4.8 
24 July 4.85 5.11 4.91 4.82 5.11 4.58 4.90 NS 5.0 
5 Sept 3.76 3.91 3.76 3.97 3.92 3.70 3.84 NS 3.6 
Total 15.50 16.11 15.73 15.78 15.80 14.82 15.62 NS 5.9 
Table A3. Dry matter yields of six alfalfa cultivars at each harvest, 1979 
Harvest Smtivaï LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
Metric tons/hectare 
Harvest schedule 1 
11 June 5.93 6.16 5.88 5.25 5.42 4.65 5.55 0.55 6.6 
13 July 4.16 4.34 4.18 3.85 3.99 3.56 4.01 0.36 5.9 
24 Aug 3.11 3.51 3.18 3.08 3.49 3.17 3.26 0.31 6.4 
5 Oct 1.90 2.22 1.96 2.02 2.11 2.10 2.05 0.18 5.9 
Total 15.10 16.23 15.21 14.20 15.02 13.48 14.87 1.09 4.8 
Harvest schedule 2 
11 June 6.18 6.06 6.19 5.88 5.76 5.40 5.91 0.45 5.0 
13 July 4.38 4.19 4.01 4.03 4.42 4.15 4.19 0.22 3.5 
24 Aug 3.35 3.26 3.74 3.10 3.68 3.12 3.37 0.36 7.0 
5 Oct 2.05 2.21 2.10 2.21 2.32 2.14 2.17 0.16 4.8 
Total 15.95 15.72 16.03 15.22 16.18 14.81 15.65 0.85 3.6 
Harvest schedule 3 
11 June 6.58 6.47 6.33 6.38 6.16 6.00 6.31 NS 4.0 
13 July 4.54 4.45 4.36 4.39 4.61 4.30 4.44 0.16 2.4 
24 Aug 3.43 3.42 3.50 3.20 3.44 3.47 3.41 NS 6.2 
5 Oct 2.14 2.27 2.16 2.28 2.21 2.29 2.22 NS 5.1 
Total 16.69 16.61 16.35 16.16 16.42 16.06 16.38 NS 3.2 
Table A4. Percentage crude protein of six alfalfa cultivars at each harvest, 1977 
Harvest 
date Vernal Valor 520 
U J. VCli. 
Saranac 7504 G777 Mean 
LSD, 
0.05 
C.V. 
(%) 
Harvest schedule 1 
19 May 14.64 14.80 15.70 15.62 14.96 15.58 15.22 NS 3.96 
24 June 17.74 18.44 18.44 17.82 17.46 17.46 17.89 NS 3.91 
1 Aug 13.40 13.01 13.56 13.32 13.36 13.05 13.28 NS 4.11 
9 Sept 16.05 16.52 17.19 17.11 15.47 16.29 16.44 0.94 3.79 
Mean 15.46 15.69 16.22 15.97 15.31 15.60 15.71 0.58 4.88 
Harvest schedule 2 
1 June 12.15 12.23 12.62 12.29 12.41 12.19 12.31 NS 3.27 
6 July 13.63 14.46 14.30 13.16 13.09 13.79 13.79 0.99 4.77 
18 Aug 18.63 16.48 16.95 16.72 17.15 18.11 17.34 NS 8.37 
7 Oct 16.52 16.76 16.89 17.34 16.20 16.92 16.77 NS 5.78 
Mean 15.23 14.98 15.19 14.88 14.71 15.25 15.04 NS 7.19 
Harvest schedule 3 
9 June 11.76 12.40 11.68 12.54 12.50 12.70 12.26 0.76 4.09 
22 July 13.40 12.70 13.32 12.81 12.93 12.97 13.02 NS 4.99 
2 Sept 16.64 16.33 16.72 16.41 17.11 16.64 16.64 NS 6.86 
Mean 13.93 13.81 13.91 13.92 14.18 14.10 13.97 NS 5.09 
Table A5. Percentage crude protein of six alfalfa cultivars at each harvest, 1978 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 (%) 
Harvest schedule 1 
30 May 17.81 18.40 17.42 18.16 18.44 17.30 17.92 NS 4.24 
30 June 17.03 16.88 17.58 17.15 17.20 17.66 17.25 NS 4.51 
3 Aug 15.51 15.60 15.96 15.60 14.96 15.14 15.46 NS 3.17 
11 Sept 16.25 16.68 16.48 16.56 16.01 16.21 16.37 NS 3.45 
Mean 16.65 16.89 16.86 16.87 16.65 16.58 16.75 NS 4.30 
Harvest schedule 2 
5 June 15.78 15.19 15.54 15.16 14.76 15.60 15.34 NS 3.55 
10 July 13.95 14.20 13.79 13.75 13.58 14.08 13.89 NS 3.22 
22 Aug 14.61 14.30 14.80 14.92 14.80 14.84 14.71 NS 4.49 
24 Oct 15.20 15.02 15.08 14.61 14.61 14.94 14.91 NS 3.32 
Mean 14.88 14.68 14.80 14.61 14.44 14.87 14.71 NS 3.59 
Harvest schedule 3 
12 June 13.73 13.59 13.36 13.55 13.48 13.82 13.59 NS 4.41 
24 July 14.84 14,88 14.51 13.98 13.87 14.26 14.39 NS 3.70 
5 Sept 14.84 13.79 13.90 14.65 13.44 14.34 14.16 0.65 3.04 
Mean 14.47 14.09 13.93 14.06 13.59 14.14 14.05 NS 4.26 
Table A6. Percentage acid detergent fiber of six alfalfa cultivars at each 
harvest, 1977 
arvest LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 (%) 
Harvest schedule 1 
% 
19 May 34.76 33.77 32.58 31.49 33.20 38.46 33.21 NS 5.01 
24 June 29.96 29.86 30.23 30.38 30.99 29.72 30.19 NS 2.68 
1 Aug 27.24 27.79 26.94 26.02 27.63 26.54 27.03 NS 6.24 
9 Sept 31.77 31.17 29.98 30.02 31.98 29.90 30.80 1.55 3.35 
Mean 30.93 30.65 29.93 29.48 30.95 29.00 30.31 NS 6.34 
Harvest schedule 2 
1 June 36.96 36.00 35.32 36.30 36.85 36.10 36.26 NS 3.45 
6 July 34.70 35.38 33.88 34.12 36.07 34.96 34.85 NS 6.18 
18 Aua 29.46 29.50 29.55 38.91 29.76 28.04 29.20 NS 5.99 
17 Oct 23.03 23.25 22.76 22.59 24.74 24.02 23.40 1.42 4.02 
Mean 31.04 31.03 30.38 30.48 31.86 30.75 30.93 NS 6.30 
Harvest schedule 3 
9 June 37.14 35.18 36.20 34.38 35.62 34.38 35.48 NS 4.60 
22 July 34.34 34.08 34.67 34.48 33.93 36.38 34.65 NS 5.26 
2 Sept 34.86 36.66 34.46 33.81 33.96 34.00 34.62 1.69 3.24 
Mean 35.44 35.31 35.11 34.22 34.50 34.92 34.92 NS 5.33 
Table A7. Percentage acid detergent fiber of six alfalfa cultivars at each 
harvest, 1978 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 0,111 Mean 0.05 (%) 
Harvest schedule 1 
30 June 32.64 31.69 32.48 30.58 32.82 32.59 32.13 1.42 2.93 
30 July 30.43 31.93 29.90 28.89 30.99 30.67 30.47 NS 4.29 
3 Aug 32.54 32.78 31.51 32.07 33.24 32.56 32.45 NS 2.34 
11 Sept 28.81 28.61 28.43 28.18 29.17 29.21 28.74 NS 4.61 
Mean 31.10 31.25 30.58 29.93 31.55 31.26 30.95 NS 4.92 
Harvest schedule 2 
5 June 35.06 35.25 36.31 35.22 35.64 34.74 35.37 NS 2.10 
10 July 32.94 31.95 32.39 32.98 33.49 31.94 32.62 NS 2.47 
22 Aug 34.17 34.31 33.52 32.87 35.06 33.40 33.92 NS 3.55 
24 Oct 26.32 26.58 26.74 26.52 28.42 27.36 26.99 1.03 2.52 
Mean 32.12 32.07 32.24 31.90 33.15 31.86 32.22 0.69 2.85 
Harvest schedule 3 
12 June 37.11 3720 36.71 36.15 37.02 35.18 35.56 NS 4.45 
24 July 37.11 36.88 37.02 37.72 38.25 38.23 37.54 NS 2.20 
5 Sept 33.86 35.16 34.85 33.62 35.71 34.78 34.66 NS 2.93 
Mean 36.03 36.42 36.19 35.83 36.99 36.06 36.25 NS 4.29 
Table A8. Percentage neutral detergent fiber of six alfalfa cultivars at each 
harvest, 1977 
Harvest 
date Vernal Valor 520 Saranac 7504 G777 Mean 
LSD, 
0.05 
C.V. 
(%) 
H a rvest schedule 1 
^7o 
19 May 42.20 41.00 39.42 38.42 40.96 39.00 40.17 2.13 3.52 
24 June 38.86 37.56 38.12 37.00 39.04 36.63 37.87 NS 3.26 
1 Aug 38.95 39.69 38.62 37.92 38.68 39.13 38.83 NS 3.91 
9 Sept 40.53 40.24 39.84 40.23 41.12 39.60 40.26 NS 2.23 
Mean 40.14 39.62 39.00 38.39 39.95 38.59 39.28 NS 4.59 
Harvest schedule 2 
1 June 46.19 45.85 44.82 46.19 45.31 45.48 45.64 NS 2.45 
6 July 41.34 42.80 40.77 41.15 42.91 42.05 41.84 NS 6.30 
18 Aug 36.74 37.04 37.47 36.56 37.54 35.53 36.81 NS 6.53 
17 Sept 29.53 29.99 29.81 29.97 31.84 31.31 30.41 1.59 3.47 
Mean 38.45 38.92 38.22 38.47 39.40 38.59 38.68 NS 6.55 
Harvest schedule 3 
9 June 45.91 43.51 45.95 43.38 44.48 43.66 44.48 NS 4.27 
22 July 44.91 43.96 44.58 44.20 43.80 47.05 44.75 NS 4.70 
2 Sept 43.55 45.03 43.37 42.12 42.36 41.81 43.04 1.79 2.76 
Mean 44.79 44.17 44.63 43.23 43.55 44.17 44.09 NS 4.67 
Table A9. Percentage neutral detergent fiber of six alfalfa cultivars at each 
harvest, 1978 
Harvest 
date 
Cultivar 
Vernal Valor 520 Saranac 7504 G i l l  Mean 
LSD, 
0.05 
C.V. 
(%) 
-%-
Harvest schedule 1 
30 Hay 39.21 38.82 39.52 38.16 40.29 39.96 39.33 NS 2.66 
30 June 38.77 33.99 37.68 37.08 39.46 38.68 38.61 NS 4.58 
3 Aug 40.60 40.89 38.98 40.71 41.39 40.64 40.54 NS 2.39 
11 Sept 36.94 35.85 36.94 36.67 36.48 37.44 36.72 NS 5.10 
Mean 38.88 38.89 38.28 38.16 39.40 39.18 38.80 NS 4.18 
Harvest schedule 2 
5 June 43.08 43.70 44.58 42.97 43.62 42.36 43.39 1.29 1.96 
10 July 44.86 43.87 45.20 44.38 45.10 44.41 44.64 NS 2.21 
22 Aug 42.52 43.35 41.88 41.56 44.13 41.83 42.55 NS 3.15 
24 Oct 34.42 35.25 35.73 34.91 37.70 36.44 35.74 1.73 3.21 
Mean 41.22 41.54 41.85 40.96 42.64 41.26 41.58 0.80 2.54 
Harvest schedule 3 
12 June 44.42 45.65 44.26 44.74 44.46 42.34 44.31 NS 4.21 
24 July 45.46 45.26 46.26 46.87 47.42 47.50 46.46 1.50 2.14 
5 Sept 43.03 44.19 43.91 43.25 45.30 43.72 43.90 1.39 2.10 
Mean 44.30 45.04 44.81 44.95 45.73 44.52 44.89 NS 3.53 
Table ÀlO. Percentage digestible dry matter of six alfalfa cultivars at each 
harvest in 1977 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 (%) 
Harvest schedule 1 
19 May 65.59 66.40 67.20 67.76 66.60 66.37 66.65 NS 1.79 
24 June 68.44 68.49 68.17 68.19 68.00 68.45 68.29 NS 0.46 
1 Aug 68.78 68.93 69.07 68.98 68.98 68.95 68.94 NS 0.34 
9 Sept 67.66 67.99 68.41 68.45 67.57 68.51 68.10 0.68 0.66 
Mean 67.62 67.95 68.21 68.34 67.79 68.07 68.00 NS 1.15 
Harvest schedule 2 
1 June 62.63 64.46 65.10 64.21 63.68 64.30 64.23 NS 1.88 
6 July 65.45 64.91 65.98 65.93 64.39 65.35 65.36 NS 2.54 
18 Aug 68.54 68.60 68.33 68.72 68.46 68.93 68.60 NS 0.76 
17 Oct 68.51 68.53 68.35 68.33 68.91 68.76 68.56 NS 0.44 
Mean 66.53 66.63 66.94 66.80 66.36 66.84 66.68 NS 1.07 
Harvest schedule 3 
9 June 63.41 65.16 64.39 65.70 64.89 65.97 64.90 NS 2.31 
22 July 65.78 65.50 64.79 65 .45 65.54 64.12 65.20 NS 2.29 
2 Sept 65.51 63.72 65.71 66.39 66.27 66.20 65.63 1.53 1.55 
Mean 64.90 64.79 64.92 65.85 65.57 65.43 65.24 NS 2.53 
Table All. Percentage digestible dry matter of six alfalfa cultivars at each 
harvest in 1978 
arvest LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
Harvest schedule 1 
30 May 67.18 67.68 67.29 68.19 67.08 67.19 67.54 NS 0.79 
30 June 68.31 67.60 68.50 68.81 67.81 68.21 68.21 NS 0.94 
3 Aug 67.19 67.12 67.83 67.53 66.82 67.22 67.28 NS 0.72 
11 Sept 68.78 68.71 68.89 68.95 68.62 68.71 68.78 NS 0.39 
Mean 67.87 67.78 68.13 68.37 67.58 67.83 67.93 0.48 0.93 
Harvest schedule 2 
5 June 65.35 65.25 64.25 65.25 64.88 65.66 65.11 NS 1.04 
10 July 66.98 67.56 67.32 66.98 66.62 67.47 67.15 NS 0.65 
22 Aug 66.13 65.81 66.57 66.94 65.39 66.71 66.26 NS 1.29 
24 Oct 69.08 69.06 69.07 69.05 68.86 68.88 69.00 0.17 0.16 
Mean 65.88 66.92 66.80 67.05 66.44 67.18 66 .88 NS 0.97 
Harvest schedule 3 
12 June 63.35 63.36 63.82 64.30 63.53 65.17 63.92 NS 2.41 
24 July 63.46 63.68 63.53 62.75 62.18 62.16 62.96 NS 1.45 
5 Sept 66.26 65.32 65.53 62.75 62.18 62.16 62.96 NS 1.45 
5 Sept 66.26 65.32 65.58 66.48 64.79 65.63 65.68 NS 1.25 
Mean 64.36 64.12 64.31 64.51 63.50 64.32 64.10 NS 2.27 
Table A12. Yield of crude protein of six alfalfa cultivars at each harvest, 1977 
arvest  ^ LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 {%) 
Metric tons/hectare 
Harvest schedule 1 
19 May 0.83 0.81 0.84 0.80 0. 84 0.75 0. 81 NS 5.7 
24 June 0.68 0.72 0.67 0.68 0.71 0.69 0.69 NS 5.0 
1 Aug 0.43 0.48 0.45 0.44 0.51 0.48 0.47 0.05 6.8 
9 Sept 0.49 0.50 0.51 0.44 0.45 0.47 0.48 NS 8.8 
Total 2.44 2.51 2.47 2.37 2.50 2.39 2.45 0.09 4.9 
Harvest schedule 2 
1 June 0.86 0.88 0.80 0.79 0.87 0.74 0. 82 0.09 7.1 
6 July 0.59 0.62 0.56 0.56 0.64 0.62 0.60 NS 11.5 
18 Aug 0.68 0.61 0.47 0.54 0.56 0.53 0.53 NS 13.6 
17 Oct 0.34 0.39 0.35 0.34 0.35 0.36 0.36 NS 10.2 
Total 2.37 2.40 2.17 2.23 2.42 2.24 2.31 NS 13.8 
Harvest schedule 3 
9 June 0.82 0.85 0.81 0.82 0.85 0.80 0.82 NS 8.1 
22 July 0.58 0.54 0.58 0.53 0.49 0.57 0.55 NS 10.2 
2 Sept 0.63 0.61 0.59 0.58 0.62 0.57 0.60 NS 6.8 
Total 2.03 2.00 1.98 1.94 1.96 1.93 1.97 NS 9.1 
Table A13. Yield of crude protein of six alfalfa cultivars at each harvest, 1978 
Harvest 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 
LSD, 
0.05 
C.V. 
(%) 
Harvest schedule 1 
30 May 0.73 0.77 0.74 0.71 0.76 0.68 0.73 NS 6.0 
30 June 0.53 0.52 0.56 0.51 0.52 0.55 0.53 NS 5.2 
3 Aug 0.46 0.50 0.49 0.44 0.48 0.48 0.47 0.03 4.6 
11 Sept 0.44 0.47 0.47 0.45 0.47 0.46 0.46 NS 6.1 
Total 2.15 2.27 2.26 2.10 2.24 2.17 2.20 0.11 6.4 
Harvest schedule 2 
5 June 0.94 0.90 0.90 0.84 0.87 0.81 0.88 0.06 4.7 
10 July 0.63 0.65 0.62 0.60 0.64 0.64 0.63 NS 5.3 
22 Aug 0.47 0.48 0.46 0.47 0.46 0.46 0.47 NS 8.6 
24 Oct 0.31 0.35 0.34 0.34 0.33 0.33 0.33 NS 4.9 
Total 2.38 2.38 2.31 2.25 2.30 2.24 2.31 NS 7.0 
Harvest schedule 3 
12 June 0.95 0.96 0.94 0.95 0.91 0.90 0.94 NS 6.5 
24 July 0.72 0.76 0.71 0.67 0.71 0.65 0.70 0.06 5,6 
5 Sept 0.56 0.54 0.52 0.58 0.53 0.53 0.54 0.04 5.5 
Total 2.22 2.26 2.18 2.20 2.15 2.09 2.18 NS 8.3 
Table A14. Yield of digestible dry matter of six alfalfa cultivars at each harvest, 
1977 
arvest LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 (%) 
Metric tons/hectare 
Harvest schedule 1 
19 May 3.73 3.62 3.59 3.47 3.72 3.19 3.55 0.23 4.3 
24 June 2.64 2.70 2.49 2.62 2.77 2.72 2.66 NS 4.5 
1 Aug 2.24 2.57 2.34 2.33 2.68 2.55 2.45 NS 8.9 
9 Sept 2.08 2.06 2.02 1.77 1.96 1.97 1.98 NS 7.8 
Total 10.68 10.95 10.44 10.19 11.12 10.44 10.64 0.50 6.3 
Harvest schedule 2 
1 June 4.49 4.65 4.12 4.11 4.47 3.91 4.29 0.39 6.1 
6 July 2.82 2.79 2.56 2.80 3.13 2.93 2.84 NS 11.6 
18 Aug 2.13 2.10 1.90 2.24 2.24 2.03 2.11 NS 10.6 
17 Oct 1.43 1.61 1.42 1.35 1.47 1.44 1.45 NS 9.7 
Total 10.88 11.16 10.01 10.50 11.31 10.30 10.69 NS 12.8 
Harvest schedule 3 
9 June 4.40 4.45 4.44 4.28 4.39 4.15 4.35 NS 5.9 
22 July 2.89 2.79 2.84 2.76 2.53 2.83 2.77 NS 6.8 
2 Sept 2.51 2.39 2.34 2.38 2.41 2.25 2.38 NS 5.0 
Total 9.80 9.62 9.63 9.42 9.33 9.22 9.50 NS 7.4 
Table A15. Yield of digestible dry matter of six alfalfa cultivars at each harvest, 
1978 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
Metric tons/hectare 
Harvest schedule 1 
30 May 2.75 2.85 2.86 2.66 2.76 2.65 2.75 NS 4.5 
30 June 2.13 2.08 2.20 2.03 2.06 2.12 2.10 NS 5.7 
3 Aug 1.97 2.16 2.08 1.89 2.16 2.11 2.06 0.11 3.6 
11 Sept 1.85 1.95 1.98 1.86 2.03 1.95 1.94 NS 6.1 
Total 8.70 9.03 9.12 8.44 9.01 8.83 8.86 0.15 6.3 
Harvest schedule 2 
5 June 4.01 3.88 3.70 3.61 3.82 3.42 3.74 0.20 3.6 
10 July 3.01 3.08 3.03 2.92 3.13 3.07 3.04 NS 4.5 
22 Aug 2.13 2.20 2.06 2.12 2.04 2.07 2.10 NS 6.4 
24 Oct 1.42 1.59 1.55 1.59 1.55 1.50 1.53 NS 5.1 
Total 10.57 10.76 10.33 10.24 10.55 10.07 10.42 0.44 5.6 
Harvest schedule 3 
12 June 4.36 4.49 4.51 4.50 4.29 4.26 4.40 NS 5.4 
22 July 3.08 3.26 3.12 3.02 3.18 2.85 3.08 0.24 5.2 
5 Sept 2.50 2.56 2.46 2.64 2.54 2.43 2.52 NS 4.3 
Total 9.94 10.30 10.09 10.16 10.02 9.54 10.01 NS 6.7 
Table À16. Dry metter intake at each harvest of six alfalfa cultivars under three 
harvest schedules, 1977 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
g/Wkg°'75 
Harvest schedule 1 
19 May 135.92 137. 74 139.93 141 .22 137 .66 140. 49 138. 83 3.00 1 .4 
24 June 140.45 142. 28 141.36 142 .97 140 .30 143. 33 141. 78 NS 1 .2 
1 Aug 140.59 139. 54 140.90 141 .84 140 .74 140. 15 140. 63 NS 1 .4 
9 Sept 138.41 138. 81 139.38 138 .85 137 .56 139. 72 138. 79 NS 0 .9 
Mean 138.84 134. 59 140.39 141 .22 139 .06 140. 92 140. 01 NS 1 .7 
Harvest schedule 2 
1 June 129.32 129. 83 131.60 129 .22 130 .75 130. 53 130. 21 NS 1 .5 
5 July 136.89 134. 75 137.81 137 .26 134 .79 136. 12 136. 27 NS 2 .8 
18 Aug 143.28 143. 01 142.14 143 .59 142 .35 144. 79 143. 19 NS 2 .1 
17 Oct 150.54 150. 16 150.25 150 .20 148 .59 149. 07 149. 80 1.31 0 .6 
Mean 140.01 139. 44 140.45 140 .07 139 .12 140. 13 139. 87 NS 2 .5 
Harvest schedule 3 
9 June 129.80 133. 70 129.62 133 .88 132 .18 133. 62 132. 13 NS 2.' 
22 July 131.34 132. 46 131.28 132 .42 132 .61 127. 66 131. 29 NS 2 . 6 
2 Sept 133.74 131. 17 134.02 136 .05 135 .64 136. 50 134. 52 2.95 1 .5 
Mean 131.63 132. 45 131.64 134 .11 133 .48 132. 59 132. 65 NS 2 . 6 
Table A17. Dry matter intake at each harvest of six alfalfa cultivars under three 
harvest schedules, 1978 
Harvest LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
g/Wkg°'75 
Harvest schedule 1 
30 June 140.27 140. 78 139. 79 141.58 138.75 139.20 140.06 NS 1, .0 
30 July 140.76 139. 14 142. 26 142.96 139.76 140.97 140.98 NS 1 .7 
3 Aug 138.31 137. 89 140. 53 138,15 137.18 138.25 138.38 NS 1 .0 
11 Sept 143.18 144. 28 143. 13 143.51 143.62 142.53 143.37 NS 1 .5 
Mean 140.63 140. 52 141. 43 141.55 139.83 140.24 140.70 NS 1 .5 
Harvest schedule 2 
5 June 134.50 133. 58 132. 04 134.68 133.65 135.68 134.03 2.08 1 .0 
10 July 131.64 133. 27 131. 07 132.42 131.13 132.37 131.98 NS 1 .2 
22 Aug 135.41 134. 13 136. 39 136.79 132.85 136.50 135.35 NS 1 .5 
24 Oct 146.06 145. 13 144. 61 145.51 142.14 143.76 144.53 2.08 1 .0 
Mean 136.90 136. 53 136. 04 137.35 134.94 137.08 136.47 
in H 
H
 1 .1 
Harvest schedule 3 
12 June 132.35 130. 27 132. ,54 131.83 132.27 135.57 132.47 NS 2 .3 
24 July 130.61 130. 94 129. 21 128.09 127.11 126.92 128.81 2.68 1 .4 
5 Sept 134.60 132. ,74 133. ,24 134.28 130.84 133.54 133.20 2.30 1 .1 
Mean 132.52 131. ,32 131. ,66 131.40 130.07 132.01 137.50 NS 2 .0 
Table Al8. Digestible dry matter intake at each harvest of six alfalfa cultivars 
under three harvest schedules, 1977 
Harvest ; Cultivar LSD, C.V 
date Vernal Valor 520 Saranac 7504 G i l l  Mean 0.05 (%) 
-g/Wkg 0.75 
Harvest schedule 1 
19 May 89.17 91.46 94.05 95.70 91.73 93.26 92.56 NS 3.0 
24 June 96.12 97.45 96.39 97.50 95.41 98.12 96.83 NS 1.4 
1 Aug 96.69 96.18 97.30 97.84 97.08 96.63 96.95 NS 1.7 
9 Sept 93.65 94.38 95.35 95.05 92.96 95.72 94.52 NS 1.4 
Mean 93.91 94.87 95.77 96.52 94.29 95.94 95.22 NS 2.7 
Harvest schedule 2 
1 June 82.28 83.74 85.64 83.01 83.23 83.97 93.65 NS 2.7 
6 July 89.67 87.56 91.00 90.55 86. 82 88.98 89.10 NS 5.3 
18 Aug 98.21 98.11 97.16 98.68 97.46 99.81 98.24 NS 2.8 
17 Oct 103.13 102.90 102.68 102.63 102.40 102.51 102.71 NS 0.4 
Mean 93.32 93.08 94.13 93.72 92.48 93.82 93.42 NS 3.8 
Harvest schedule 3 
9 June 82.31 87.19 83.37 88.05 85.79 88.15 85. 81 NS 4.6 
22 July 86.46 86.91 85.36 86.77 87.13 81.90 85.75 NS 4.7 
2 Sept 87.62 83.66 88.12 90.33 89.90 90.38 88.34 3.61 2.7 
Mean 85.46 85.91 85.61 88.38 87.61 86.81 86.63 NS 4.9 
Table Al9. Digestible dry matter intake at each harvest of six alfalfa cultivars 
under three harvest schedules, 1978 
Harvest LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G i l l  >!ean 0.05 (%) 
g/Hkg^ '75 
Harvest schedule 1 
30 June 94.23 95 . 29 94.07 96.55 93.08 93.54 94.46 NS 1.7 
30 July 96.16 94.06 97.46 98.37 94.81 96.16 96.17 No 2.6 
3 Aug 92.95 92.54 95.33 93.29 91.66 92.93 93.12 NS 1.7 
11 Sept 98.49 99.15 98.60 98.96 98.56 97.94 98.61 NS 1.8 
Mean 95.45 95.26 96.36 96.79 94.53 95.14 95.59 NS 2.4 
Harvest schedule 2 
5 June 87.92 97.17 94.87 97.69 86.72 89.09 87.28 2.50 1.9 
10 July 88.16 90.05 88.24 88.69 87.37 89.32 88.64 NS 1.7 
22 Aug 89.56 88.28 90. 81 91.60 86 . 88 91.06 89.70 NS 2.6 
24 Oct 100.89 100.23 99.88 100.47 97.89 99.02 99.73 1.64 1.1 
Mean 91.63 91.43 90.95 92.16 89.71 92.13 91.34 1.30 1.9 
Harvest schedule 3 
12 June 83. 86 82.54 84.59 84.78 84.05 88.41 84.71 NS 4.3 
22 July 82.89 83.39 82.09 80.40 79.03 78.92 81.12 3.40 2.8 
5 Sept 89.21 86.71 87.38 89.28 84.78 87.64 87.50 2.94 2.2 
Mean 85.32 84.22 84.69 84.82 82.62 84.99 84.44 NS 4.1 
Table a20. Relative feed value at individual harvest of six alfalfa cultivars under 
three harvest schedules, 1977 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 75 04 G777 Mean 0.05 (%) 
Harvest schedule 1 
19 May 127.38 130. 66 134 .35 136. 72 131 .04 133 .24 132 .23 NS 3 .0 
24 June 137.32 134. 22 137 .70 139. 29 136 .31 140 .18 138 .34 NS 1 .4 
1 Aug 138.14 137. 41 139 .01 139. 77 138 .68 138 .05 138 .51 NS 1 .7 
9 Sept 133.79 134. 83 136 .21 135. 79 132 .80 136 .75 135 .03 NS 1 .4 
Mean 134.16 135. 53 136 
CM C
O 137, 89 134 .71 137 .05 136 .03 NS 2 .7 
Harvest schedule 2 
1 June 117.54 119. 64 122 .42 118. 59 118 .90 119 .96 119 .51 NS 2 .7 
5 July 128.11 125. 09 130 .00 129. 36 124 .03 127 .12 127 .28 NS 5 .3 
18 Aug 140.30 140. 16 138 .80 140. 97 139 .23 142 .58 140 .34 NS 2 .8 
17 Oct 147.33 147. 00 146 .69 146. 62 146 .29 146 .44 146 .73 NS 0 .4 
Mean 133.32 132. 97 134 .48 133. 89 132 . 11 134 .03 133 .47 NS 3 .8 
Harvest schedule 3 
9 June 117.59 124. 56 119 .10 125. 78 122 .56 125 .93 122 .59 NS 4 .6 
22 July 123.51 124. 17 121 .94 123. 96 124 .47 117 .01 122 .51 NS 4 .7 
2 Sept 125.18 119. 52 125 .89 129. 04 128 .44 129 .12 126 .20 5.16 2 .7 
Mean 122.09 122. 75 122 .31 126. 26 125 . 16 124 .02 123 .77 NS 4 .7 
Table A21. Relative feed value at individual harvest of six alfalfa cultivars 
under three harvest schedules, 1978 
Harvest Cultivar LSD, C.V. 
date Vernal Valor 520 Saranac 7504 G777 Mean 0.05 (%) 
%. 
Harvest schedule 1 
30 June 134.62 136. 13 134. 38 137. 93 132 .98 133 .63 134 .94 NS 1 .7 
30 July 131.37 134. 37 134. 23 140. 53 135 .44 137 .37 137 .38 NS 2 .6 
3 Aug 132.78 132. 21 136. 18 133. 28 130 .94 132 .76 133 .03 NS 1 .7 
11 Sept 140.70 141. 64 140. 85 141. 37 140 .80 139 .92 140 .88 NS 1 .8 
Mean 135.37 136. 09 147. 66 138. 28 135 .04 135 .92 136 .56 NS 2 .4 
Harvest schedule 2 
5 June 125.61 124. 52 121. 25 125. 56 123 .89 127 .28 124 .69 3.57 1 .9 
10 July 125.45 128. 65 126. 06 126. 70 124 .82 127 .61 126 .63 NS 1 .7 
22 Aug 127.95 126. 12 129. 73 130. 86 124 .11 130 .09 128 .14 NS 2 .6 
24 Oct 144.13 143. 19 142. 69 143. 54 139 .84 141 .46 142 .48 2.34 1 .1 
Mean 130.91 130. 62 129. 93 131. 66 128 .16 131 .61 130 .48 1. 85 1 .9 
Harvest schedule 3 
12 June 119.81 117. 92 120. 84 121. 12 120 .07 126 .30 121 .01 NS 4 .3 
24 July 118.41 119. 14 117. 28 114. 86 112 .91 112 .74 115 .89 4.86 2 .8 
5 Sept 127.45 123. 87 124. 84 127. 55 121 .12 125 .21 125 .01 4.20 2 .2 
Mean 121.89 120. 31 120. 98 121. 18 118 .03 121 .42 120 .64 NS 4 .1 
